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Preface

Scope and purpose of the HIV molecular
immunology database

HIV Molecular Immunology is a companion volume to
HIV Sequence Compendium. This publication, the 2009
edition, is the PDF version, suitable for printing, of the
web-based HIV Immunology Database (http://www.
hiv.lanl.gov/content/immunology/). The web in-
terface for this relational database has many search op-
tions, as well as interactive tools to help immunologists
design reagents and interpret their results.

In the HIV Immunology Database, HIV-specific B-cell
and T-cell responses are summarized and annotated. Im-
munological responses are divided into three parts, CTL,
T helper, and antibody. Within these parts, defined epi-
topes are organized by protein and binding sites within
each protein, moving from left to right through the cod-
ing regions spanning the HIV genome. We include hu-
man responses to natural HIV infections, as well as vac-
cine studies in a range of animal models and human tri-
als. Responses that are not specifically defined, such as
responses to whole proteins or monoclonal antibody re-
sponses to discontinuous epitopes, are summarized at the
end of each protein section. Studies describing general
HIV responses to the virus, but not to any specific pro-
tein, are included at the end of each part.

The annotation includes information such as cross-
reactivity, escape mutations, antibody sequence, TCR us-
age, functional domains that overlap with an epitope, im-
mune response associations with rates of progression and
therapy, and how specific epitopes were experimentally
defined. Basic information such as HLA specificities for
T-cell epitopes, isotypes of monoclonal antibodies, and
epitope sequences are included whenever possible. All
studies that we can find that incorporate the use of a spe-
cific monoclonal antibody are included in the entry for
that antibody. A single T-cell epitope can have multiple
entries, generally one entry per study.

Finally, maps of all defined linear epitopes relative to
the HXB?2 reference proteins are provided. Alignments
of CTL, helper T-cell, and antibody epitopes are available
through the search interface on our web site at http://
www.hiv.lanl.gov/content/immunology.

Only responses to HIV-1 and HIV-2 are included
in the database. CTL responses to SIVs are periodi-
cally summarized in our review section by Dr. David
Watkins and colleagues. Dr. Christian Brander and col-
leagues annually provide a concise listing of optimally de-
fined CTL epitopes. Reviews from previous years can
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be found at http://www.hiv.lanl.gov/content/
sequence/HIV/REVIEWS/reviews.html.

Questions regarding the database can be sent via email
to/immuno@lanl.gov.

About the data

At the time of this publication, the HIV Immunology
Database contained over 4900 CTL/CDS8+ epitopes, over
1000 Helper/CD4+ epitopes, over 1400 unique antibody
epitopes, and a total bibliography of over 2100 references
(Figure T). To illustrate the distribution of the epitopes,
we have plotted them by position in the HIV proteome
(Figure 2).

For T-cell epitopes, the density of epitopes by posi-
tion reflects the density of defined epitopes in the data-
base, which in turn roughly reflects the density of re-
sponses, as judged by EliSpot assays from natural infec-
tion. Both CTL/CD8+ T-cell (maroon) and Helper/CD4+
T-cell (green) responses are most commonly detected in
Gag and Nef, and the database has the highest density of
epitopes captured from the literature in these regions.

In contrast, the antibody epitope database density
(blue) is less meaningfully captured in this graph, be-
cause only continuous epitopes are included. Many an-
tibody responses defined in the database are to discontin-
uous epitopes, or are defined regionally or by competition
experiments, and other database entries are polyclonal re-
sponses with multiple antibodies binding to multiple re-
gions; these are not included in this map. The database
entries have other biases in frequency. For example, the
database is based on retrieval of information from the lit-
erature, and so a region like the V3 loop of HIV-1, which
is of particular interest to investigators, has been stud-
ied with great intensity, and this high level of interest ac-
counts for the large spike of antibody entries in gp120.

Citing the database

This publication may be cited as
HIV Molecular Immunology 2009. Karina Yusim,
Bette T. M. Korber, Christian Brander, Barton F.
Haynes, Richard Koup, John P. Moore, Bruce D.
Walker, and David I. Watkins, editors. Publisher:
Los Alamos National Laboratory, Theoretical Biol-
ogy and Biophysics, Los Alamos, New Mexico.
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HIV Immunology Cumulative Entries

CTL/CD8 + Helper/CD4 + Antibodies Bibliography
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Figure 1: HIV immumology database cumulative entries. The CTL, T Helper and Antibodies plots show the total number of
epitope entries described in the database at the denoted point in time. If an epitope is described in 5 papers then it is considered to
be 5 entries. Thus the number of unique epitopes is lower than the plotted number. Although all 4 plots begin at 1985, the earliest
CTL and Helper epitopes were described in 1987.

About the PDF

The complete HIV Molecular Immunology 2009 is avail-
able in Adobe Portable Document Format (PDF) from
our website, http://www.hiv.lanl.gov/content/
immunology. The PDF version is hypertext enabled and
features ‘clickable’ table-of-contents, indexes, references
and links to external web sites.

This volume is typeset using IATgX. The immunology
data tables and epitope maps are produced automatically
from the SQL database by a series of Perl programs.
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Figure 2: The number of unique epitopes included in the database that span each position in the HIV proteome.
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HIV/SIV proteins

Preface

HIV/SIV proteins
Name Size Function Localization
Gag MA pl7 membrane anchoring; env interaction; virion
nuclear transport of viral core
(myristylated protein)
CA p24 core capsid virion
NC p7 nucleocapsid, binds RNA virion
p6 binds Vpr virion
Protease (PR) pl5 gag/pol cleavage and maturation virion
Reverse Transcriptase (RT) p66, p51 reverse transcription virion
RNase H (heterodimer) RNAse H activity virion
Integrase (IN) DNA provirus integration virion
Env gp120/gp41 external viral glycoproteins bind to CD4  plasma membrane, virion
and chemokine co-receptors envelope
Tat plé/pl4 viral transcriptional transactivator primarily in
nucleolus/nucleus
Rev pl9 RNA transport, stability and utilization =~ primarily in
factor (phosphoprotein) nuleolus/nucleus shuttling
between nucleolus and
cytoplasm
Vif p23 viral infectivity factor, inhibits cytoplasm (cytosol,
minus-strand viral DNA hypermutation =~ membranes), virion
Vpr pl0O-15 promotes nuclear localization of virion nucleus (nuclear
preintegration complex, inhibits cell membrane?)
division, arrests infected cells at G2/M
Vpu plé promotes extracellular release of viral integral membrane protein
particles; degrades CD4 in the ER;
(phosphoprotein only in HIV-1 and
SIVcpz)
Nef p27-p25 CD4 and class I downregulation plasma membrane,
(myristylated protein) cytoplasm, (virion?)
Vpx pl2-16 Vpr homolog present in HIV-2 and virion (nucleus?)
some SIVs, absent in HIV-1
Tev p28 tripartite tat-env-rev protein (also primarily in

named Tnv)

nucleolus/nucleus

HIV Molecular Immunology 2009
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Preface

Abbreviations

Abbreviations and acronyms used in this database.

Abbrev. Meaning

AA amino acid

AAV adeno-associated virus

Ab antibody

ACTG AIDS clinical trial group

ADC AIDS dementia complex

ADCC antibody-dependent cell-medicated
cytotoxicity

ADE antibody-dependent enhancement

ADRA  Antiviral Drug Resistance Analysis: a
program that analyzes your sequences for
mutations known to confer drug resistance
and links to the records in the database

AIDS acquired immunodeficiency syndrome

ANN artificial neural networks

APC antigen presenting cell

ARC AIDS related complex

ART anti-retroviral therapy

AZT azidothymidine

BIMAS  Biolnformatics and Molecular Analysis
Section

BIV bovine immunodeficiency virus

BLAST  Basic Local Alignment Search Tool

CAEV caprine arthritis/encephalitis virus

CD4BS  CD4 binding site

CD4i antibody that has enhanced binding to gp120
in the presence of SCD4 (CD4 induced)

CDC Centers for Disease Control and Prevention

CDR complementary determining regions

CFA complete Freund’s adjuvant

CHI Center for HIV Information

CMI cell-mediated immunity

CMV cytomegaliovirus

CNS central nervous system

CP canary pox

CRF circulating recombinant form

CsA cyclosporine A

CSF cerebrospinal fluid

CTL cytotoxic T lymphocyte

CTLe CTL effector

CTLp CTL precursor

CyPA cyclophilin A

DC dendritic cell

DDDP DNA-dependent DNA polymerase

DHH U. S. Department of Health and Human
Services

dMM deopymannojirimycin

dpc days post challenge

DTT dithiothrietol

X

Abbreviations

Abbrev. Meaning

EIA enzyme immuno assay

EIAV equine infectious anemia virus

ELF Epitope Location Finder

ELISA Enzyme Linked ImmunoSorbent Assay

ER endoplasmic reticulum

Fabs fragment antigen binding-univalent
antibody fragment

FATT-CTL  Fluorescent antigen-transfected target
cell-CTL

FIV feline immunodeficiency virus

FP fowl pox

FSW female sex worker

GALT gut-associated lymphoid tissues

GDE format  Genetic Data Environment

ep glycoprotein

GRIV genetic resistance to HIV

HAART highly-active anti-retroviral therapy

HCV hepatitis C virus

HEPS HIV-exposed persistently seronegative

HIV human immunodeficiency virus

HIVD HIV-1 dementia

HLA human leukocyte antigens

HLA-MHC  human leukocyte antigens-major
histocompatibility complex

HMM hidden Markov models

TIAVI International AIDS Vaccine Initiative

IDE immunodominant epitope

IE genes immediate early genes

IFA incomplete Freund’s adjuvant

IFN interferon

IG format IntelliGenetics format

Ig immunoglobulin

IL interleukin

INHI immunologically normal HIV-infected

iscom immunostimulating complex

KLH keyhole limpet hemocyanin

LANL Los Alamos National Laboratory

LDA limiting dilution assay

LN lymph node

LPR lymphoproliferative response

LT labile enterotoxin

LTNP long-term non-progressor

LTR long terminal repeat

LTS long term survivor

mAb monoclonal antibody

MBL mannose-binding lectin

MCMC Markov chain Monte Carlo

MDP muramyl dipeptide

MEI multiple epitope immunogen

MHC major histocompatibility complex

MHR major homology region

ML maximum likelihood

MLV murine leukemia virus

HIV Molecular Immunology 2009



Amino Acid Codes

Preface

Abbrev. Meaning Abbrev. Meaning
MP maximum parsimony SIVE SIV encephalitis
mpc months post challenge SLE systemic lupus erythhermatosis
MPER membrane-proximal external region SNAP synonymous-nonsynonymous analysis
MRC Medical Research Council, UK program
MSF multiple sequence alignment format of STI supervised treatment interruption (also seen
the GCG sequence analysis package as structured treatment interruption and
MV measles vector standard treatment interruption)
MVA vector modified vaccinia virus Ankara TCLA T cell line adapted
Nab neutralizing antibody TCR T-cell receptor
NCBI National Center for Biotechnology Th T-helper cell
Information TNF tumor necrosis factor
NIAID National Institute of Allergies and VEE Venezuelan equine encephalitis
Infectious Diseases VESPA  Viral Epidemiology Signature Pattern
NIBSC National Institute for Biological Analysis
Standards and Control, UK VIP vasoactive intestinal peptide
NIH National Institutes of Health VL viral load
NIST National Institute of Standards and VLP virus like particle, assembled from p55 gag
Technology VSV vesicular stomatitis virus
NJ neighbor joining \'AY vaccinia virus
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I-A

How to Optimally Define Optimal Cytotoxic
T Lymphocyte Epitopes in HIV Infection?

Anuska Llano?, Nicole FrahmP, Christian
Brander®°

I-A-1 The evolution of the optimal CTL

epitope list at Los Alamos HIV
Immunology database

T-cell responses to HIV infection were first described in
1987, when (Walker et al.|[1987] and [Plata et al.| [1987]]
independently showed CD8 T-cell reactivity against vi-
ral proteins. Soon after, the first epitopes were iden-
tified using short synthetic peptides, allowing for ever-
increasingly detailed assessments of HIV-specific im-
mune responses and HIV evolution analyses [Kawashimal
et al.l 2009 Nixon et al.,|[1988]]. To date, more than 1200
individual HLA class I-restricted HIV-1 epitopes have
been identified, with 276 of these characterized in detail
and defined to their minimal or optimal length. With the
initiation of large international cohorts of individuals who
are in very early stages of infection or who have superior
ability to control viral replication, the establishment of
multi-national research consortia, and the development of
sophisticated viral genome sequencing and analysis tools,
many epitopes have been assessed for their relative con-
tribution to the natural control of HIV infection and po-
tential suitability as vaccine immunogens. While many
studies take advantage of the detailed description of pre-
viously identified and oftentimes immunodominant epi-
topes, a number of recent studies highlight the importance
of subdominant responses, T-cell activities to variable tar-
gets, and responses present at the very earliest time points
after infection, as these factors may play a crucial role
in viral control [Bansal et al.l 2005; Frahm et al., [2006;
Goonetilleke et al.| [2009]. By nature, these responses
have not been identified frequently, and in some cases
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have not undergone the extensive work-up that has been
given to the immunodominant responses restricted by fre-
quent HLA class I alleles. The description of such re-
sponses poses a challenge to those who strive to provide
the HIV community and T-cell immunologist with a reli-
able resource of well-defined T-cell epitopes. In our at-
tempt to maintain such a resource at the Los Alamos Na-
tional Laboratory HIV database, we face this challenge
frequently, and the following sections outline some of the
considerations that shape our product of the “optimal”
CTL epitope list.

This year’s update of the Los Alamos HIV Immunol-
ogy Database CTL epitope listing marks the 15th year
since we initiated this online list, which has proven a use-
ful tool for the HIV community at large. Based on a few
in-house criteria, we have over the years created what we
refer to as the “A-list”, which contains only those epitopes
for which we are fairly confident that they have been de-
fined to their optimal length and for which restriction by a
specific HLA class I allele has been indisputably demon-
strated. At the same time, we have included in the general
section of the database a “B-list” of all T-cell epitopes
that have been described in the literature. Thus, within
the Los Alamos HIV Immunology database, all studies
describing specific T-cell responses to either short pep-
tides or longer segments are included. In addition, search
tools on the web site allow rapid searches for these T-cell
targets and the retrieval of summarized details about the
study in which these responses were defined. As a con-
sequence, any reported T-cell response to HIV should be
accessible at LANL, whether it was identified in natural
infection or vaccination, including responses defined in
individuals with or without specifically defined HLA al-
leles and with or without a known level of disease con-
trol. This information is retained with the epitopes in
the full “B-list” database, which can be accessed using
a web-based search interface (http://www.hiv. lanl.
gov/content/immunology/ctl_search). We high-
light this fact to encourage anyone accessing the database
to go beyond the epitopes given in the A-list whenever
the specific study warrants inclusion of less well-defined
CTL activities. Including a broader range of epitopes may
help to ascertain one’s own findings, and potentially allow
one to infer, for instance, a potential HLA restriction in a
given subject for whom only limited samples are available
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and who thus needs to be analyzed in a less full-blown ap-
proach.

I-A-2  Why should we bother with a list of
optimally defined epitopes?

As mentioned above, the “optimal/A-list” of HIV epi-
topes is based on a number of in-house, arbitrary crite-
ria, which we have regularly reviewed over the years. In
brief, these criteria include the unequivocal experimental
demonstration of restriction by a specific HLA class I al-
lele and the definition of the optimal epitope length. The
latter is defined as the peptide truncation that, in its short-
est version, elicits a maximal functional response. While
in earlier years, serial truncations were often used at de-
creasing concentrations in cytotoxicity (Cr51 release) as-
says, more recent studies often use the EliSpot or flow-
cytometry based detection of effector functions including
cytokine release or expression of CD107. Although these
different effector functions have been shown to be subject
to variable activation (i.e., peptide concentration) thresh-
olds [Betts et al., [2004], we have not seen or heard of
an example in which one or the other marker would have
identified different optimal epitope lengths. Aside from
HLA restriction and optimal epitope definition, there are
no other criteria that we consider for inclusion in the A-
list. This practice has sometimes appeared to be overly
strict, and a reasonable case can be made for diverging
views. While we regularly discuss the input we receive
from investigators in the field, our consensus remains to
base our selection on the above criteria and to include only
the very best defined epitopes in this listing. The major
rationale for this is to keep the list free of epitopes that
have been defined based on incomplete HLA restriction
assays, (mis)interpretation of the data, insufficient arrays
of peptide truncations tested or, in a few cases, pure spec-
ulation regarding epitope length and HLA restriction. The
B list includes essentially all of the epitopes as defined in
the published literature by primary authors, thus these less
well-defined epitopes are captured in the database as well.

As our optimal epitope list has served as a train-
ing set for several epitope prediction algorithms (http:
//www.syfpeithi.de/, http://atom.research.
microsoft.com/bio/epipred.aspx), we also feel
that epitopes that are characterized based on HLA predic-
tion tools should not be included in the A-list. Otherwise,
the risk exists that an algorithm may use a training set that
contains data that are the product of its own predictions.
While this may not be a big issue for those alleles for
which many epitopes have been described, cases such as
epitopes presented on HLA-B63 (B*1516, B*1517) indi-
cate that existing tools would not have been able to iden-
tify the true breath of the allele-specific binding motifs
and would have in some cases led to the wrong prediction

Why should we bother with a list of optimally defined epitopes?

of optimal epitope length [Frahm ez al.| [2005]. The pre-
diction of possible HLA restriction is also complicated by
the fact that most HIV epitopes can be presented in the
context of several different HLA class I alleles [Frahm
et al.,2007]]. Thus, while the individual response in a sin-
gle subject will likely provide reliable data, the issue of in-
correct, or at least incomplete HLA restriction assignment
becomes a real problem in individuals expressing multi-
ple alleles that can present the epitope under study. Apart
from the well-described epitope sharing between alleles
in the same locus and HLA supertype, such as A3/A11 or
B57/B58, individuals mounting, for instance, a response
to the known HLA-B37 and B57 YFPDWQNYT epitope in
Nef, could mount these responses through HLA-A29, -
B35, or -C06 [Frahm et al., 2007]. If two or more of
these alleles are expressed in a given individual, only a
detailed functional HLA restriction analysis could pro-
vide reliable HLA restriction information. While this ex-
ample may seem far-fetched, it only highlights one sit-
uation where experimental proof for presentation in the
context of at least five alleles has been published. Simi-
lar examples exist for HCV epitopes and, in cases where
alternatively presenting alleles are encoded by more or
less frequent haplotype combinations, will certainly dis-
tort immunodominance analyses and have an impact on
viral evolution analyses [Niu ef al.}[2009]). In addition, it
is also possible that individuals make responses to a sin-
gle epitope on more than one of their alleles. This has
been analyzed only for a few epitopes and mainly in the
context of well-described allele pairs in the same super-
type; thus the consequences of a potential “functional ho-
mozygosity” (i.e., presentation of a limited set of epitopes
on several HLA alleles with similar epitope binding mo-
tifs) on viral control in vivo and immune evasion of the
virus is unknown. Finally, it is also important not to rely
on “defining” individual 4-digit typing by inference from
larger HLLA data sets from unrelated populations and eth-
nicities. Although haplotype frequencies for well-studied
populations have been fairly well established, the ongo-
ing expansion of HIV-related studies and vaccine trials
into populations for which these data are limited, intro-
duces a considerable risk of predicting incorrect subtypes.
While this may be a particular issue for HLA-B15 and
A68 alleles (for which subtypes fall into separate HLA
supertypes and thus present vastly different epitopes), the
case of HLA-B35 and others (A2, B44, etc.) clearly il-
lustrates that high-resolution typing should be employed
for the best definition of HLA restriction [Sidney et al.|
2008]].

Similar to detailed HLA restriction analyses, there
are several reasons why definition of optimal epitope
length should be based on experimental analysis rather
than binding motif predictions or only partial trunca-
tions. While some hints from available epitope se-
quences may be helpful in the experimental design
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of truncation studies or overlapping peptide synthesis
(such as the elimination of possible rare (“forbidden”)
C-terminal residues; |http://www.hiv.lanl.gov/
content/sequence/PEPTGEN/peptgen.html), only
a systematic approach will clarify the identity of the tar-
geted sequence. An older example of how this may af-
fect epitope response patterns is the case of two embedded
B57 epitopes, where one shorter version is fully contained
in a longer epitope sequence [|Goulder ef al.| 2000c]. As
shown in our own analyses on promiscuous epitope pre-
sentation, embedded epitopes can also be presented on
different HLA molecules, again highlighting that HLA re-
striction and fine mapping approaches need to go hand in
hand [Frahm et al.|[2007]]. Importantly, shorter is not nec-
essarily better, as has been shown in a number of cases
where bulged epitopes were presented in the context of
alleles such as HLA-B35 and its subtypes [Burrows ef al.}
2006]. Existing prediction algorithms, trained on exist-
ing data of mostly 9—-10mer epitope sequences, could not
possibly predict these epitopes and their HLA restrictions.
Rather, the mapping analyses ideally start from the full-
length peptide that initially elicited the detected response
(often an overlapping peptide of 15-18 amino acids in
length). The ever-decreasing cost for peptide synthesis
and the development of collaborative studies among labo-
ratories where many peptide truncations already exist will
hopefully enable many more research groups to conduct
such additional analyses.

While we strive to collect all well-characterized CTL
epitopes in our list of optimally defined CTL epitopes,
we are also trying to strike a balance between including
as much information and as many epitopes as possible
while avoiding the potential detrimental effects of includ-
ing epitopes that are not conclusively defined. Since most
epitopes represent correctly defined optimal targets in a
clinically-relevant setting [Goonetilleke et al.,2009], they
do put us in the difficult position of either relaxing the
inclusion criteria or asking for additional analyses to be
conducted. We however also feel that their inclusion in
the comprehensive listing (B-list) of the HIV Immunol-
ogy Database will make such information readily accessi-
ble to the wider research community, in the end providing
a benefit for all involved in the definition of protective
immune responses, T-cell immunity and viral evolution.
At the same time, we remain open to suggestions on how
we could improve the A-list so that it meets the chang-
ing needs of the community. For any comments, please
contact us.
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I-A-3 Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes.

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference

A*0101 (A1) gpl160 787-795 RRGWEVLKY |Cao,[2002:

A2 RT 127-135 YTAFTIPSV |Draenert et al.l[2004b

A*0201 (A2) pl7 77-85 SLYNTVATL Johnson et al.l 1991 Parker et al.,|1992,|1994

A*0201 (A2) p2p7plp6 70-79 FLGKIWPSYK |Yu et al.,[2002b

A*0201 (A2) Protease 76-84 LVGPTPVNI |Karlsson et al.,[2003

A*0201 (A2) RT 33-41 ALVEICTEM |Haas et al.l|1998; Haas||1999

A*0201 (A2) RT 179-187 VIYQYMDDL |Harrer et al.,|1996a

A*0201 (A2) RT 309-317 ILKEPVHGYV |Walker et al.,|1989;|Tsomides et al., 1991

A*0201 (A2) Vpr 59-67 AIIRILQQL |Altfeld er al.,[2001alb

A*0201 (A2) gpl160 311-320 RGPGRAFVTI |Alexander-Miller et al.l 1996

A*0201 (A2) gpl160 813-822 SLLNATDIAV |Dupuis et al.,|1995

A*0201 (A2) Nef 136-145 PLTFGWCYKL [Haas ef al.,|1996; |[Maier & Autran, 1999

A*0201 (A2) Nef 180-189 VLEWRFDSRL |Haas et al.l|1996; Maier & Autran, |1999

A*0202 (A2) pl7 77-85 SLYNTVATL (Goulder,|1999

A*0205 (A2) pl7 77-85 SLYNTVATL |(Goulder, 1999

A*0205 (A2) gpl160 846-854 RIRQGLERA [Sabbaj ef all 2003

A*0205 (A2) Nef 83-91 GAFDLSFFL |Rathod! 2006

A*0207 (A2) p24 164-172 YVDRFYKTL |Currier et al., 2002

A*0301 (A3) pl7 18-26 KIRLRPGGK |Harrer ef al.,|1996b

A*0301 (A3) pl7 20-28 RLRPGGKKK |Goulder et al.,|1997b; [Culmann, [1999;
Lewinsohn & Riddelll [1999; [Wilkes & Ruhl,
1999

A*0301 (A3) pl7 20-29 RLRPGGKKKY  |Goulder et al., 2000b

A*0301 (A3) RT 33-43 ALVEICTEMEK |Haas et al.l,|1998; Haas,|1999

A*0301 (A3) RT 73-82 KLVDFRELNK |Yu et al.l2002a

A*0301 (A3) RT 93-101 GIPHPAGLK |Yu et all2002a

A*0301 (A3) RT 158-166 AIFQSSMTK |Threlkeld et al. 1997

A*0301 (A3) RT 269-277 QIYPGIKVR |Yu et all2002a

A*0301 (A3) RT 356-366 RMRGAHTNDVK  |Yu et al., [2002al

A*0301 (A3) Integrase 179-188 AVFIHNFKRK |Yu et al.,[2002a

A*0301 (A3) Vif 17-26 RIRTWKSLVK |Altfeld et al.l2001a; Yu et al.,|2002a

A*0301 (A3) Vif 28-36 HMYISKKAK |Yu et all2002a

A*0301 (A3) Vif 158-168 KTKPPLPSVKK  |Yu et al.2002a

A*0301 (A3) Rev 57-66 ERILSTYLGR |Addol[2002; Yu ef al.,[2002a

A*0301 (A3) gpl60 37-46 TVYYGVPVWK  Johnson et al.,|1994

A*0301 (A3) gpl60 770-780 RLRDLLLIVTR [Takahashi et al. 1991

A*0301 (A3) Nef 73-82 QVPLRPMTYK |Koenig et al.,|{1990; |Culmann et al., {1991

A*0301 (A3) Nef 84-92 AVDLSHFLK |Yu et al.,[2002a
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Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference

A*1101 (A11) pl7 84-91 TLYCVHQK |Harrer et al., {1998

A*1101 (A11) p24 217-227 ACQGVGGPGHK  Sipsas ef al.,|1997

A*1101 (A11) RT 158-166 AIFQSSMTK Johnson & Walker, 1994} Zhang et al.,|1993;
Threlkeld et al., 1997

A*1101 (A11) RT 341-350 IYQEPFKNLK |Culmann, /1999

A*1101 (A11) RT 520-528 QIIEQLIKK [Fukada et al.,|{1999

A*1101 (A11) Integrase 179-188 AVFIHNFKRK |Fukada et al.l 1999

A*1101 (A11) Integrase 203-211 ITATDIQTK |Wang et al., 2007

A*1101 (A11) gpl160 199-207 SVITQACPK [Fukada et al., {1999

A*1101 (A11) Nef 73-82 QVPLRPMTYK |Buseyne, 1999

A*1101 (A11) Nef 75-82 PLRPMTYK |Culmann et al.,|1991

A*1101 (A11) Nef 84-92 AVDLSHFLK |Culmann et al.,|{1991

A23 gpl160 585-593 RYLKDQQLL |Cao et all 2003

A*2402 (A24) pl7 28-36 KYKLKHIVW [Ikeda-Moore et al., 1998} |Lewinsohn, {1999

A*2402 (A24) p24 162-172 RDYVDRFFKTL |Dorrell et al.,{1999; Rowland-Jones| {1999

A*2402 (A24) gpl160 52-61 LFCASDAKAY |Lieberman et al.,|1992; Shankar et al., |1996

A*2402 (A24) gp160 585-593 RYLKDQQLL |Dai et al.,|1992

A*2402 (A24) Nef 134-141 RYPLTFGW |Goulder et al., |1997a; Ikeda-Moore et al.,|1998

A*2501 (A25) p24 13-23 QAISPRTLNAW |Kurane & West, (1999

A*2501 (A25) p24 71-80 ETINEEAAEW |Klenerman ef al.l|1996;|van Baalen et al.}|1996

A*2501 (A25) gpl160 321-330 EIIGDIRQAY |Liu ef al., 2006

A*2601 (A26) p24 35-43 EVIPMFSAL |Goulder et al.l|1996a

A*2601 (A26) RT 449-457 ETKLGKAGY |Sabbaj et al., 2003

A29 Nef 120-128 YFEPDWQNYT |Draenert et al. [2004a

A*2902 (A29) pl7 78-86 LYNTVATLY |Masemola et al., 2004

A*2902 (A29) gpl60 209-217 SFEPIPIHY |Altfeld, 2000

A30 pl7 34-44 LVWASRELERF Masemola et al.| 2004

A*3002 (A30) pl7 76-86 RSLYNTVATLY  |Goulder et al.,[2001

A*3002 (A30) RT 173-181 KQNPDIVIY |Goulder et all 2001

A*3002 (A30) RT 263-271 KLNWASQIY |Goulder ef all 2001

A*3002 (A30) RT 356-365 RMRGAHTNDV  |Sabbaj et al., 2003

A*3002 (A30) Integrase 219-227 KIQNFRVYY [Sabbaj et al.,2003; |Rodriguez et al., {2004

A*3002 (A30) gpl60 310-318 HIGPGRAFY |Sabbaj ef al.l 2003

A*3002 (A30) gpl160 704-712 IVNRNRQGY |Goulder et al.,[2001

A*3002 (A30) gpl160 794-802 KYCWNLLQY |Goulder et al., 2001

A*3101 (A31) gpl160 770-780 RLRDLLLIVTR [Safrit ef al.,|1994alb

A*3201 (A32) RT 392-401 PIQKETWETW [Harrer et al.l|1996b

A*3201 (A32) gpl160 419-427 RIKQIINMW |Harrer ef al.,|{1996b
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

HLA Protein AA Sequence Reference

A33 Nef 133-141 TRYPLTFGW |Caol 2002

A*3303 (A33) gpl160 698-707 VFAVLSIVNR [Hossain et al., 2001

A*3303 (A33) gpl160 831-838 EVAQRAYR |Hossain et al., 2001

A*3303 (A33) Vpu 29-37 EYRKILRQR |Addo et al., 2002

A66 RT 438-448 ETFYVDGAANR Rathod. 2006

A*6801 (A68) Tat 39-49 ITKGLGISYGR |Oxenius et al., 2002

A*6801 (A68) Vpr 52-62 DTWAGVEAIIR |Sabbaj et all 2004

A*6802 (A68) RT 436-445 GAETFYVDGA |Rathod & Kiepiela, 2005

A*6802 (A68) Protease 3-11 ITLWQRPLV |Rowland-Jones| 1999

A*6802 (A68) Protease 30-38 DTVLEEWNL |Rowland-Jones)|1999

A*6802 (A68) Vpr 48-57 ETYGDTWTGV |Rathod & Kiepiela, [2005

A*6802 (A68) gpl160 777-785 IVTRIVELL [Wilkes,|1999

A*7401 (A19) Protease 3-11 ITLWQRPLV Rowland-Jones,|1999

B7 p24 84-92 HPVHAGPIA [|Yu et al.|2002a

B7 RT 156-164 SPAIFQSSM |Linde & Faircloth, 2006

B7 Rev 66-75 RPAEPVPLQL |Yang, 2006

B*0702 (B7) p24 16-24 SPRTLNAWV  |Lewinsohnl (1999

B*0702 (B7) p24 48-56 TPQDLNTML  |Wilson, [1999; Wilkes et al., [1999; Jin et al.,
2000; 'Wilson et al.l [1997

B*0702 (B7) p24 223-231 GPGHKARVL |Goulder, {1999

B*0702 (B7) Vpr 34-42 FPRIWLHGL |Altfeld et al.,[2001a

B*0702 (B7) Vif 48-57 HPRVSSEVHI |Altfeld er al.l2001a

B*0702 (B7) gpl160 298-307 RPNNNTRKSI [Safrit et al.,|1994b

B*0702 (B7) gpl160 843-851 IPRRIRQGL |Wilkes & Ruhl, 1999

B*0702 (B7) Nef 68-77 FPVTPQVPLR [Haas et al.,|1996; Maier & Autran, |1999

B*0702 (B7) Nef 68-76 FPVTPQVPL [Bauer et al.l|1997; |[Frahm & Goulder, 2002

B*0702 (B7) Nef 71-79 TPQVPLRPM  |Goulder, (1999

B*0702 (B7) Nef 77-85 RPMTYKAAL |[Bauer et al., 1997

B*0702 (B7) Nef 128-137 TPGPGVRYPL |Culmann-Penciolelli et al.,|1994; |Haas et al.,
1996

B8 gpl160 848-856 RQGLERALL [Cao,[2002

B*0801 (BS8) pl7 24-32 GGKKKYKLK [Reid et al.l|1996; |Goulder et al.,|1997d

B*0801 (BS8) pl7 74-82 ELRSLYNTV |Goulder et al.,|1997d

B*0801 (BS) p24 128-135 EIYKRWII |Sutton et al.,|1993; Goulder et al.,|1997d

B*0801 (BS8) p24 197205 DCKTILKAL |Sutton et al.,|1993

B*0801 (BS8) RT 18-26 GPKVKQWPL  Walker et al.,|1989; Sutton et al.,|1993

B*0801 (BS8) gpl160 2-10 RVKEKYQHL  |Sipsas et al.,|1997

B*0801 (B8) gpl60 586-593 YLKDQQLL Wohnson et al.l|1992; [Shankar et al.l|1996

B*0801 (BS) Nef 13-20 WPTVRERM |Goulder et al.,{1997d

B*0801 (BY) Nef 90-97 FLKEKGGL |Culmann-Penciolelli et al., 1994 |Price et al.,

1997
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Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference

B13 p24 3-11 VQNLQGQMV  |Honeyborne et al., 2007

B13 p24 94-104 GQMREPRGSDI  |Honeyborne et al., {2007

B13 p2p7plp6 66-74 RQANFLGKI Honeyborne et al., 2007

B13 Protease 57-66 RQYDQILIEI |Honeyborne et al.l[2007; Mueller et al.| 2007
B13 RT 333-341 GQGQWTYQI [Honeyborne et al.l 2007

B13 Nef 106-114 RQDILDLWI |Harrer et al.,|2005;|Honeyborne et al.,|2007
B*1302 (B13) Nef 106-114 RQDILDLWV |Gray et al., 2009

B14 p2p7plp6 42-50 CRAPRKKGC  |Yu et al.l2002b

B*1401 (B14) RT 142-149 IRYQYNVL [Rathod,[2006

B*1402 (B14) p24 166-174 DRFYKTLRA |Harrer ef al.,|{1996b

B*1402 (B14) gpl160 584-592 ERYLKDQQL Johnson et al.,|1992

B*1501 (B62) p24 137-145 GLNKIVRMY Johnson et all|1991;|Goulder, 1999
B*1501 (B62) RT 260-271 LVGKLNWASQIY lohnson, 1999

B*1501 (B62) RT 309-318 ILKEPVHGVY Johnson et al.l|{1991;Johnsonl |1999
B*1501 (B62) Nef 117-127 TQGYFPDWQNY  |Culmann, {1999

B*1503 (B72) p24 24-32 VKVIEEKAF [Honeyborne & Kiepiela, [2005
B*1503 (B72) p24 164-172 YVDRFFKTL |Masemola et al., 2004

B*1503 (B72) Protease 68-76 GKKAIGTVL |Rathod & Bishop,[2006

B*1503 (B72) RT 496-505 VTDSQYALGI |Sabbaj et al.l, 2003

B*1503 (B72) Integrase 135-143 IQQEFGIPY [Honeyborne & Kiepiela, [2005
B*1503 (B72) Integrase 185-194 FKRKGGIGGY |Honeyborne, 2003

B*1503 (B72) Integrase 263-271 RKAKIIRDY [Cao et al.l 2003

B*1503 (B72) Tat 38-47 FQTKGLGISY |Novitsky ef al., 2001

B*1503 (B72) Nef 183-191 WRFDSRLAF  |Cao, 2002

B*1510 (B71) p24 12-20 HQAISPRTL [Day, 2005

B*1510 (B71) p24 61-69 GHQAAMQML  Day, 2003

B*1510 (B71) Integrase 66-74 THLEGKIIL [Kiepiela et al.| {2007

B*1510 (B71) Vif 79-87 WHLGHGVSI |Honeyborne, 2003

B*1516 (B63) gpl60 375-383 SFNCGGEFF  Wilson et al.,|1997; Wilson, 1999
B18 RT 137-146 NETPGIRYQY |Rathod & Bishopl 2006

B18 RT 175-183 NPEIVIYQY |Rathod,[2006

B18 Nef 105-115 RRQDILDLWVY |Yang, 2006

B*1801 (B18) p24 161-170 FRDYVDRFYK |Ogg et al.| {1998

B*1801 (B18) Vif 102-111 LADQLIHLHY |Altfeld et al..|2001a

B*1801 (B18) gpl160 31-39 AENLWVTVY |Liu et al., 2006

B*1801 (B18) gpl160 61-69 YETEVHNVW |Liu ez al., 2006

B*1801 (B18) Nef 135-143 YPLTFGWCY |Culmann et al.,|1991; (Culmann-Penciolelli et al.,

1994
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Optimal HIV-1 CTL Epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference

B27 Vpr 31-39 VRHFPRIWL |Addo & Rathodl 2004

B*2703 (B27) p24 131-140 RRWIQLGLQK |Rowland-Jones et al.,|1998; Rowland-Jones,
1999

B*2705 (B27) pl7 19-27 IRLRPGGKK |McKinney ef al.,(1999; |[Lewinsohn, 1999

B*2705 (B27) p24 131-140 KRWIILGLNK |Nixon et al.,[1988; Buseyne et al.l|1993; Goulder
et al.||1997¢c

B*2705 (B27) Integrase 186-194 KRKGGIGGY |Payne & Goulder, 2009

B*2705 (B27) gpl160 786795 GRRGWEALKY  [Lieberman et al.,|1992; [Lieberman, 1999

B*2705 (B27) Nef 105-114 RRQDILDLWI |Goulder et all|1997b

B*3501 (B35) pl7 36-44 WASRELERF |Goulder et al.,|1997a

B*3501 (B35) pl7 124-132 NSSKVSQNY Rowland-Jones et al., {1995

B*3501 (B35) p24 122-130 PPIPVGDIY |Rowland-Jones et al.l (1995

B*3501 (B35) RT 107-115 TVLDVGDAY |Wilkes & Ruhl, |1999; |Wilson et al.,|1999

B*3501 (B35) RT 118-127 VPLDEDFRKY  Sipsas et al.,|1997;|Shiga et al., 1996

B*3501 (B35) RT 175-183 HPDIVIYQY |Rowland-Jones et al.,|1995;|Shiga et al.l|1996;
Sipsas et al.L 1997

B*3501 (B35) gpl160 42-52 VPVWKEATTTL |Wilkes & Ruhl, 1999

B*3501 (B35) gpl160 78-86 DPNPQEVVL Shiga et al.,|1996

B*3501 (B35) gpl160 606-614 TAVPWNASW  Johnson et al., {1994

B*3501 (B35) Nef 74-81 VPLRPMTY  |Culmann et al., 1991} |(Culmann-Penciolelli et al.,
1994

B*3701 (B37) Nef 120-128 YFPDWQNYT [Culmann et al.,{1991;|Culmann, 1999

B*3801 (B38) Vif 79-87 WHLGQGVSI [Sabbaj et al.,[2004

B*3801 (B38) gpl160 104-112 MHEDIISLW |Caol 2002

B*3901 (B39) p24 61-69 GHQAAMQML  Kurane & West, {1999

B*3910 (B39) p24 48-56 TPQDLNTML |Honeyborne & Kiepiela, 2005

B*4001 (B60) pl7 92-101 IEIKDTKEAL |Altfeld et al., 2000

B*4001 (B60) p24 44-52 SEGATPQDL |Altfeld et al.l 2000

B*4001 (B60) p2p7plp6 118-126 KELYPLTSL |Yu et al.,[2002b

B*4001 (B60) RT 5-12 IETVPVKL |Draenert et al.l2004b

B*4001 (B60) RT 202-210 TEELRQHLL |Altfeld et al., 2000

B*4001 (B60) gpl160 805-814 QELKNSAVSL |Altfeld et al.l 2000

B*4001 (B60) Nef 3745 LEKHGAITS |Draenert et al.l2004b

B*4001 (B60) Nef 92-100 KEKGGLEGL |Altfeld et al.l 2000

B*4002 (B61) pl7 11-19 GELDRWEKI |Sabbaj et al.l 2003

B*4002 (B61) p24 70-78 KETINEEAA |Sabbaj ef al.l 2003

B*4002 (B61) p24 78-86 AEWDRVHPV  |Sabbaj et al.,[2003

B*4002 (B61) p2p7plp6 64-71 TERQANFL [Sabbaj et al., 2003

B*4002 (B61) Nef 92-100 KEKGGLEGL [Sabbaj er al.l 2003} |Altfeld et al.l 2000
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Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference

B42 Integrase 28-36 LPPIVAKEI [Kiepiela et al., 2007

B42 Integrase 260-268 VPRRKAKII |Kiepiela & Goulder, 2002

B*4201 (B42) p24 48-56 TPQDLNTML  |Goulder et al.,|2000a

B*4201 (B42) RT 271279 YPGIKVRQL [Wilkes & Ruhl, 1999

B*4201 (B42) Nef 71-79 RPQVPLRPM |Honeyborne, 2006

B*4201 (B42) Nef 128-137 TPGPGVRYPL |Goulder, |1999

B44 Protease 34-42 EEMNLPGRW  Rodriguez et al.,[2004

B44 gpl160 31-39 AENLWVTVY |Borrow et al.,{1997

B*4402 (B44) p24 162-172 RDYVDRFYKTL [Ogg et al.|1998

B*4402 (B44) p24 174-184 AEQASQDVKNW |Lewinsohnl 1999

B*4402 (B44) gpl160 3140 AENLWVTVYY |Borrow et al.l 1997

B*4403 (B44) pl7 78-86 LYNTVATLY |Masemola et al.,[2004

B*4415 (B12) p24 28-36 EEKAFSPEV Bird et al., 2002

B*4501 (B45) p2p7plp6 1-10 AEAMSQVTNS |Sabbaj et al.,[2004

B50 Nef 37-45 LEKHGAITS |Draenert et al.,2004b

B51 Vif 57-66 IPLGDAKLII |Bansal et al.,[2004

B51 Vpr 20-37 EAVRHFPRI |Cao et al., 2003

B*5101 (B51) RT 42-50 EKEGKISKI |Haas et al.,|1998;|Haas, (1999

B*5101 (B51) RT 128-135 TAFTIPSI [Sipsas et all|1997

B*5101 (B51) gpl160 416-424 LPCRIKQII [Tomiyama ef al.,|1999

B*5201 (B52) p24 143-150 RMYSPTSI |Wilkes & Ruhl,|1999; Wilson et al., {1997
B53 Nef 135-143 YPLTFGWCF [Kiepiela & Goulder, {2002

B*5301 (B53) p24 48-56 TPYDINQML |Gotch et al.l|1993

B*5301 (B53) p24 176-184 QASQEVKNW  Buseyne et al., {1996, |(1997; Buseyne, |1999
B*5301 (B53) Tat 2-11 EPVDPRLEPW |Addo et al., 2001

B*5301 (B53) Nef 135-143 YPLTFGWCY |Sabbaj et al.,[2003

B*5501 (B55) gpl160 42-51 VPVWKEATTT |Shankar et al.,[1996; Lieberman, {1999

HIV Molecular Immunology 2009
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Optimal HIV-1 CTL Epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Table of optimal HIV-1 CTL epitopes

HLA Protein AA Sequence Reference

B57 p24 3240 FSPEVIPMF |Frahm et al., 2005

B57 Protease 70-77 KAIGTVLV |Frahm et all 2005

B57 Integrase 123-132 STTVKAACWW  |Rodriguez et al.,[2004; |Addo & Rathod, [2004
B57 Nef 116-124 HTQGYFPDW  |Draenert, 2002

B57 Nef 127-135 YTPGPGIRY |Frahm et al.,[2005

B57 Nef 137-145 LTFGWCFKL |Frahm et al.,[2005

B*5701 (B57) p24 15-23 ISPRTLNAW Johnson et al.,|1991; Goulder et al.,|1996b
B*5701 (B57) p24 30-40 KAFSPEVIPMF |Goulder et al.,{1996b

B*5701 (B57) p24 108-117 TSTLQEQIGW |Goulder et al.,|1996b

B*5701 (B57) p24 176-184 QASQEVKNW  |Goulder et al.,|1996b

B*5701 (B57) RT 244-252 IVLPEKDSW |van der Burg ef al.,|1997; |Hay, 1999
B*5701 (B57) Integrase 173-181 KTAVQMAVF  |Goulder et al.,[1996b; [Hay, {1999
B*5701 (B57) Vpr 30-38 AVRHFPRIW |Altfeld ef al.,2001a

B*5701 (B57) Vif 31-39 ISKKAKGWF |Altfeld et al.,[2001a

B*5701 (B57) Rev 14-23 KAVRLIKFLY |Addo et al. 2001

B*5701 (B57) Nef 116-125 HTQGYFPDWQ |Culmann et al.l|1991

B*5701 (B57) Nef 120-128 YFPDWQNYT  |Culmann et al.,|1991

B*5703 (B57) p24 30-37 KAFSPEVI |Goulder et al.,[2000b

B*5703 (B57) p24 30-40 KAFSPEVIPMF |Goulder et al.,2000b

B*5703 (B57) Nef 83-91 AAFDLSFFL |Gray et al.,[2009

B58 pl7 76-86 RSLYNTVATLY  Frahm et al.,[2005

B58 Tat 2-11 EPVDPRLEPW |Frahm & Brander, [2005

B58 gpl160 59-69 KAYETEVHNVW |Rathod & Bishopl 2006

B*5801 (B58) p24 108-117 TSTLQEQIGW |Goulder et al.,|1996b; Bertoletti et al., {1998
B*5801 (B58) RT 375-383 IAMESIVIW [Kiepiela & Goulder, {2002

B*5801 (B58) Rev 14-23 KAVRLIKFLY |Addo et all 2001

B62 Nef 19-27 RMRRAEPAA Cao,[2002:

B63 pl7 76-86 RSLYNTVATLY  |Frahm et al.,[2005

B63 p24 15-23 ISPRTLNAW |Frahm et al., 2005

B63 p24 30-40 KAFSPEVIPMF |Frahm ef al.,|2005

B63 Rev 14-23 KAVRLIKFLY [Frahm et al.,[2005

B63 Nef 127-135 YTPGPGIRY |Frahm et al.,[2005

B63 Nef 137-145 LTFGWCFKL |Frahm et al.,[2005

B81 Protease 80-90 TPVNIIGRNML Honeyborne et al., 2006

B81 RT-Integrase  560-8 LFLDGIDKA |Addo, 2002

B*8101 (B81) p24 48-56 TPQDLNTML  |Goulder et al.,|2000a

B*8101 (B81) Vpr 34-42 FPRIWLHGL |Altfeld et al.,[2001a
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Table of optimal HIV-1 CTL epitopes

Table I-A.1: Best defined HIV CTL epitopes (cont.).

Optimal HIV-1 CTL Epitopes

HLA Protein AA Sequence Reference

Cwl gpl60 218-226 CAPAGFAIL [Zudigal 2008; Streeck et al.l|2008

Cw*0102 (Cwl)  p24 36-43 VIPMFSAL [Goulder et al.l|1997a

Cw*0102 (Cwl) Gag-Pol TF  24-31 NSPTRREL [Liu et al.l 2006

Cw3 Nef 83-91 AALDLSHFL |Draenert et al.,[2004b

Cw*0303 (Cw9) p24 164-172 YVDRFFKTL |Honeyborne, 2003

Cw*0304 (Cw10) p24 164-172 YVDRFFKTL |Honeyborne, 2003

Cw*0304 (Cw10) gpl60 557-565 RAIEAQQHL |Currier et al.,2002; [Trocha, {2002

Cw*0401 (Cw4) gpl160 375-383 SFNCGGEFF |Wilson et al.,{1997;Johnson et al.| 1993

Cw5 p24 174-185 AEQASQEVKNWM |Draenert et al., 2004b

Cw*0501 Rev 67-75 SAEPVPLQL |Addo er al., 2001

Cwo6 Nef 120-128 YFPDWQNYT |Frahm & Brander, [2005

Cw7 Nef 105-115 KRQEILDLWVY [Kiepiela & Goulder, |2002;|Yu et al.,[2002a

Cw8 gpl60 557-565 RAIEAQQHM [Bishop & Honeybornel 2006

Cws8 Nef 82-91 KAAVDLSHFL |Harrer et al.,{1996b

Cw*0802 (Cw8)  p24 48-56 TPQDLNTML |Goulder et al., 2000a; Honeyborne & Kiepielal
2005

Cw*0802 (Cw8) RT 495-503 IVTDSQYAL Rathod & Honeybornel 2006

Cw*0802 (Cw8) Nef 83-91 AAVDLSHFL |Cao et al.,|2003; Rathod & Honeyborne, [2006

Cw*0804 (Cw8) pl7 33-41 HLVWASREL Masemola et al. 2004

Cwl2 Tat 30-37 CCFHCQVC [Cao et al.,[2003; |Nixon et al., {1999

Cwl4 pl7 78-85 LYNTVATL Horton & Havenar-Daughton, 2005

Cwl5s gpl60 557-565 RAIEAQQHL [Trochal 2002

Cwl8 p24 142-150 VRMYSPVSI |Honeyborne, 2006

Cwl8 p24 161-169 FRDYVDRFF Honeyborne & Kiepiela, [2005

Cwl8 Integrase 165-172 VRDQAEHL |Rathod & Honeybornel 2006

Cwl8 Vpu 5-13 YRLGVGALI |Honeybornel 2006

HIV Molecular Immunology 2009
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Optimal HIV-1 CTL Epitopes Mabp of optimal HIV-1 CTL epitopes

I-A-4 Map of optimal HIV-1 CTL epitopes

The location and HLA restriction elements of CTL epitopes are indicated on protein sequences of HXB2. These maps
are meant to provide the relative location of defined epitopes on a given protein, but the HXB2 sequence may not
actually carry the epitope of interest, as it may vary relative to the sequence for which the epitope was defined.

p17 Optimal CTL Epitope Map
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p2p7p1p6 Optimal CTL Epitope Map

A*0201
B13
B*4501 B14 B*4002

AEAMSQVTN%ATIMMORGNERNORKIVKCfNCGKEGHTAﬁNCRAPRKKGFWKCGKEGHQmKDCTERQANFLGKIWPSYK?RPGNFLQSREEPTAPPEESE
10 20 30 40 50 60 70 80 90 100
B*4001

RSGVETTTP?QKOEPIDKE%YPLTSLRSLEGNDPSSQ
110 120 130

Gag/Pol TF Optimal CTL Epitope Map

Cw*0102

FFREDLAFL?GKAREFSSE?TRANSPTRRFLQVWGRDNN?PSEAGADRO?TVSFNF
10 20 30 40 50

Protease Optimal CTL Epitope Map

I T
B57
A*7401 B44 B*1503
A*6802 A*6802 BI13 A*0201
PQVTLWQRP[FVTIKIGGQLl‘(EALLDTGADI?TVLEEMSLP?RWKPKMIGG¥GGFIKVRQY?QILIEICGH}‘(AIGTVLVGPTPVNIIGRNLLFTOIGCTLNF
10 20 30 40 50 60 70 80 90
RT Optimal CTL Epitope Map
A*0301
B*0801 B*5101
B*4001 A*0201 A*0301 A*0301
PISPIETVPYKLKPGMDGPI‘(VKO\I\IPLTEEI‘(IKALVEICTIFMEKEGKISK}IGPENPYNTPYFAIKKKDSTH(WRKLVDFREerKRTODFWEYQLGIPHPAGLr
10 20 30 40 50 60 70 80 9 100
B*1401 A*0201
B*5101 A*1101 BI8
B*3501 A2 A*0301 B*3501
A*QOI B*3501 BI18 B7 A*3002

KKKKSVTVL?VGDAYFSVP%DEDFRKYTAETIPSINNET?GIRYQYNVL?QGWKGSPAIEQSSMTKILEEFRKONPDIV¥YQYMDDLYV?SDLEIGQHRT
110 120 130 140 150 160 170 180 190 200

B*4201

A*0301
B*1501
B*4001 B*5701 A*3002

KIEELROHLerWGLTTPDKI‘(HOKEPPFLWI“’IGYELHPDKWTVQPIVLPEKI.?SWTVNDIOKerGKLNWAS(J%YPGIKVRQL?KLLRGTKALTEVI PLTEEA[?

210 220 230 240 250 260 270 280 290 300
A*0301
B*1501 A*1101
A*0201 BI3 A*3002 B*5801 A*3201

LELAENREIHKEPVHGVYYI?PSKDLIAEIOKOGQGOWTYQIYOEPFKNLI‘(TGKYARMRGﬁHTNDVKQLTI?AVQKITTES{VIWGKTPKF}‘(LPIOKETWET

310 320 3%0 34‘0 350 360 370 380 390 400
A*2601

A66 B*1503

A*3201 A*6802 Cw*0802

WWTEYWQAT\I‘UIPEWEFVNTﬁ’PLVKLWYOLI?KEPIVGAETI‘:YVDGAANRETKLGKAGYVTNRGROKVVTLTDTTNQKTEL(‘JAIYLALODS?LEVNIVTDS(‘]
410 420 430 440 450 460 470 480 490 500

HIV Molecular Immunology 2009 15



Optimal HIV-1 CTL Epitopes Mabp of optimal HIV-1 CTL epitopes
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Rev Optimal CTL Epitope Map
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ll-A
Summary

This part includes tables, maps, and associated references
of HIV-specific CTL epitopes found in the literature ar-
ranged sequentially according to the location of the pro-
teins in the HIV-1 genome. We attempted to make this
part as comprehensive as possible, requiring that the epi-
tope be contained within a defined region of a maxi-
mum of 30 amino acids, but not that the optimal bound-
aries be defined. Studies that were based on the anal-
ysis of whole proteins are described at the end of each
protein section. The same epitope can have multiple
entries, as each entry represents a single publication in
this part of the database. For more recent updates, epi-
tope sequence alignments, and useful search capabilities,
please see our web site: |http://www.hiv.lanl.gov/
content/immunologyl For a concise listing of only the
best defined CTL epitopes, see the summary by Nicole
Frahm, Brett Baker and Christian Brander on in
of this compendium. CTL responses to proteins
with no defined epitopes are listed at the end of each pro-
tein section.

Recent studies utilize multiple functions attributed to T
cells to define responses, and the simple distinctions of
cytotoxic T-cell and helper T-cells have become blurred
as more is learned about the range of responses triggered
in CD4 and CDS8 positive T-cells responding to antigenic
stimulus. When adding the most recent studies to the data-
base, we have tried to place T cell responses in a reason-
able manner into our traditional helper T cell and CTL
parts, and to specify the assay used to measure the re-
sponse in each study.

1I-A-1 Epitope tables

Each CTL reference has a multi-part basic entry:

HXB2 location: The viral strain HXB2 (GenBank Ac-
cession Number K03455) is used as a reference strain
throughout this publication. The position of the de-
fined epitope location relative to the sequence of the
HXB?2 protein is indicated. The numbering in this ta-
ble corresponds to the protein maps. Because of HIV-1
variation the epitope may not actually be present in
HXB2; rather, the position in HXB2 indicates the posi-
tion aligned to the epitope. HXB2 was selected as the
reference strain because so many studies use HXB2,
and because crystal structures for HXB2-related pro-
teins are often available. The precise positions of an
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epitope on the HXB2 reference strain can be readily
obtained using the interactive position locator at our
web site: http://www.hiv.lanl.gov/content/
sequence/LOCATE/locate.html.

Author location: The amino acid positions of the epi-
tope boundaries and the reference sequence are listed
as given in the primary publication. Frequently, these
positions as published are imprecise, and do not truly
correspond to the numbering of the sequence, but they
provide a reasonable guide to the peptide’s approximate
location in the protein. Also, in many cases the refer-
ence sequence identification was not provided, and in
such cases it is not possible to use these numbers to
specify precise locations.

Epitope: The amino acid sequence of the epitope of in-
terest as defined in the reference, based on the reference
strain used in the study defining the epitope. On occa-
sions when only the position numbers and not the actual
peptide sequence were specified in the original publica-
tion, we tried to fill in the peptide sequence based on the
position numbers and reference strain. If the sequences
were numbered inaccurately by the primary authors, or
if we made a mistake in this process, we may have mis-
represented the binding site’s amino acid sequence. Be-
cause of this uncertainty, epitopes that were not explic-
itly written in the primary publication, that we deter-
mined by looking up the reference strain and the num-
bered location, are followed by a question mark in the
table.

Epitope name: If the epitope has a name attributed by
the publication, it is recorded here, e.g. “SL9”.

Subtype: The subtype under study, if specified in the
primary publication; this is generally not specified for
B subtype.

Immunogen: The antigenic stimulus of the CTL re-
sponse. Often this is an HIV-1 infection. If a vaccine
was used as the original antigenic stimulation, not a
natural infection, this is noted, and additional informa-
tion about the vaccine antigen is provided as available.

Species (MHC): The species responding and MHC or
HLA specificity of the epitope.

Donor MHC: The HLA genotype of the individual that
responded to the epitope.

Country: The country where the samples were obtained;
this is generally not specified if the study was con-
ducted in the United States.

Assay type: Assays used to characterize the response.
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Summary

Keywords: Keywords are a searchable field for the web
interface that is included in the T-cell sections of the
printed version to help identify entries of particular in-
terest.

Reference: The primary reference (sometimes two or
more directly related studies are included). Details for
some of the earlier references are in[Part V]

Following the entry for a given CTL epitope brief com-

ments explain the context in which the epitope was stud-

ied and what was learned about the epitope in a given
study.

1I-A-2  HIV protein epitope maps

All HIV CTL epitopes mapped to within a region of 14
amino acids or less are indicated on the HIV protein epi-
tope maps. The location and HLA restriction elements
of CTL epitopes are indicated on protein sequences of
HXB2. These maps are meant to provide the relative loca-
tion of defined epitopes on a given protein, but the HXB2
sequence may not actually carry the epitope of interest, as
it may vary relative to the sequence for which the epitope
was defined. Epitopes with identical boundaries and HLA
fields are included in the maps only once. If one labora-
tory determines HLA presenting molecules at the serotype
level (example: A2) and another at the genotype level (ex-
ample: A*0201) both will be included in the map. MHC
specificities are indicative of the host species; when no
MHC presenting molecule is defined, the host species is
noted.

1I-A-3  Alignments

To conserve space, no epitope alignments are pro-
vided in this book, but they can be generated us-
ing the CTL epitope search tool at http://www.
hiv.lanl.gov/content/immunology.  The mas-
ter protein sequence alignment files from which the
epitope alignments were created are available at our
web site at http://www.hiv.lanl.gov/content/
sequence/NEWALIGN/align.htmll
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HIV CTL/CD8 + Epitope Tables

All HIV CTL epitopes are arranged by protein position.
The table entries are sorted in a nested way—first by pro-
tein, then by HXB2 start location, and finally by HLA
presenting molecule. CTL reactions against proteins with
undefined epitopes are listed at the end of the protein that
stimulated the response.

II-B-1 Gag p17 CTL/CD8 + epitopes

HXB2 Location p17 (1-10)
Author Location Gag
Epitope MGARASVLSG
Subtype CRFO1_AE
Immunogen HIV-1 infection
Species (MHC) human
Country Thailand
Assay type CD8 T-cell Elispot - IFNy, Chromium-
release assay
Keywords optimal epitope
References |[Kantakamalakul ez a/./2006
* T cell responses in CRFO1_AE infected individuals from
Thailand were studied.
* A single peptide elicited IFN-gamma responses from three
subjects and may be an A*1101 binding peptide. It may con-
tain a novel T cell epitope, MGARASVLSG.

HXB2 Location pl7 (5-13)
Author Location Gag (5-13 SUMA)
Epitope ASVLSGGEL
Epitope name Gag AL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A*1103, A*2402, B*1402, B*1501,
Cw*0802
Country United States
Assay type CD8 T-cell Elispot - IFNy, Chromium-
release assay
Keywords dynamics, acute/early infection, characteriz-
ing CD8+ T cells
References Jones ef al.|2004
Primary CD8+ T-cell response to Env, Tat and Gag and the ex-
tent, kinetics and mechanisms of viral escape were examined
in three patients. Rapid escape,within weeks from infection,
from HIV specific CTL responses was observed in all three
patients, but the kinetics and extent of the escape differed de-
pending on the breadth and co-dominant distribution of CTL-
mediated pressure. The two patients that rapidly declined had
more focused immunodominant responses, while the single
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patient that had low viral load and stable CD4 counts for seven
years had a broad co-dominant response and less escape.

The patient SUMA maintained low viral loads and stable CD4
T-cell counts through 7 years of followup. In contrast to more
rapid progressors WEAU and BORI, SUMA had a broad re-
sponse to 24 epitopes, with little immunodominance. Two
peptides were somewhat more intensely recognized in acute
infection, but this response leveled out early on.

Only 4 epitopes acquired escape mutations in SUMA over
time, and this was 1 of the 20 that remained invariant. A low
level response was detected at acute infection that persisted
through early infection.

HXB2 Location pl7 (5-15)
Author Location Gag (5-15)
Epitope ASILRGGKLDK
Subtype C
Immunogen HIV-1 infection
Species (MHC) human
Country India
Assay type CDS8 T-cell Elispot - IFNYy, Flow cytometric
T-cell cytokine assay
Keywords subtype comparisons
References |Kaushik et al.[2005
* T cell responses to Gag consensus C peptides were studied in
C-infected patients from India. CD8+ responses were stronger
and broader than CD4+ responses. IFN-y response was higher
in both CD8+ and CD4+ T cells than corresponding IL-2 re-
sponse, that was detectable only in CD4+ T cells.
* 1/25 patients responded to this peptide (IFN-y CDS8+ re-
sponse). An IL-2 response was not detectable.

HXB2 Location pl7 (5-19)
Author Location pl17 (5-19)
Epitope ASVLSGGELDRWEKI
Epitope name All4
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Country United States
Assay type CDS8 T-cell Elispot - [FNy
Keywords binding affinity, subtype comparisons,
acute/early infection
References |Malhotra et al.|2007b
* T-cell responses to clade B Gag peptides were tested using
sequences based on consensus (CON), most recent common
ancestor (ANC) and center of tree (COT); as well as CON se-
quences from clade A, clade C and M-group Gag. It was found
that Gag-specific cross-clade T-cell IFN-gamma responses are
detectable during primary infection, and there was no signifi-
cant difference in breadth or magnitude of responses with the
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HIV CTL/CD8+ Epitope Tables

different peptide sets. While several epitopes in low diversity
domains are invariant across clades, other recognized variants
are seen outside HLA anchor positions. T-cell immunity often
tolerates conservative or semi-conservative amino acid substi-
tutions but changes presumed to be in TCR contact sites may
abrogate epitope recognition.

This peptide, ASVLSGGELDRWEKI contains the CON
clade-B putative epitope Al14. No cross-recognition of vari-
ants was seen across clades or intra-clade central sequences.
Variant ASVLSGGKLDaWEKI was seen in clade A and M-
group; variant ASiLrGGKLDKWEKI in clade C; ASVLSG-
GKLDKWEKI in clade-B ANC; and variant ASVLSGGELD-
kWEKI in clade-B COT.

HXB2 Location pl7 (6-15)
Author Location Gag (Henan isolate)
Epitope SVLSGGQLDR
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A11)
Country China
Assay type CDS8 T-cell Elispot - IFNy
References (Gong et al.|2006
* CTL responses were studied in treated and untreated donors
from China, using Gag peptides from Henan isolate. All pep-
tides were predicted to have A2 or All restriction (two of
the most prominent alleles in Chinese population) and HLA
restriction was further analyzed by CTL recognition in pa-
tients carrying corresponding allele. Among treated donors,
HLA-A2 donors had higher CTL response than than HLA-
A1l donors. Chronically infected untreated individuals had
higher magnitude of CTL response than treated ones.

HXB2 Location p17 (8-18)
Author Location Gag (8-18)
Epitope LSGGELDRWEK
Epitope name Gag 1.2
Immunogen vaccine
Vector/Type: DNA prime with modified vac-
cinia Ankara (MVA) boost Strain: B clade
HIV component: Env, Gag, Protease, Rev,
RT, Tat, Vpu
Species (MHC) macaque
Assay type T-cell Elispot, Intracellular cytokine staining

Keywords subtype comparisons,  variant  cross-
recognition or cross-neutralization, memory
cells

References |Amara ez al.|2005

* A clade B DNA/MVA HIV vaccine was shown to raise a broad
cross-reactive cellular immune response for peptides based on
the CRF02_AG consensus Gag in macaques. The activity was
better conserved for CD8 than CD4 T cells.

* All 5 CDS8 and 4/8 of the CD4 epitopes that were recognized
in vaccinated macaques have also been reported for human
infections, indicating cross-species conservation. The similar
reported human epitope in this case is GELDRWEKI. HLA
restriction: B*4002, B62

» Conservation across other clades: none. The form that is most
common in CRF02, LSGGkKLDaWEK, does not cross-react
with the B clade elicited response.
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HXB2 Location p17 (9-23)
Author Location
Epitope SGGELDRWEKIRLRP
Immunogen HIV-1 infection
Species (MHC) human (B44, B60)
Donor MHC All, A2, B44, B60; A2, A24, B15, B40;
All, A2, B60, B7
Country Australia
Assay type proliferation, CD8 T-cell Elispot - IFNy
Keywords rate of progression
References Dyer et al.|2008
* 13 TAHIV (transfusion acquired HIV) LTNPs were studied
longitudinally for up to 27 years to find correlations and in-
dicators of elite control versus delayed progresson to AIDS.
12 of 13 subjects had one or more host genetic factor that
coincided with LTNP status, but 50% did not remain non-
progressors.
Immune factors that correlated with LTNP status were very
low HIV viremia (<100 copies/ml) associated with Gag p24
proliferative CD4 response. Decline in p24-induced prolif-
eration strongly preceded loss of non-progression to AIDS.
Strong Gag-specific CTL responses in one sub-cohort were in-
dicative of control while Pol-specific responses were effective
in controlling HIV replication in the other sub-group.
Peptide 3 (NIH ARRP Cat# 7874), SGGELDRWEKIRLRP,
which contains epitopes restricted by HLA-B44 and -B60 in
different patients elicited the following CTL responses: (1)
> 1000 sfu/million PBMC for 22+ years in a living non-
progressor (2) 18+ years in another living non-progressor
and (3) 12+ years in a low-viremic non-progressor who suc-
cumbed to a non-AIDS death.

HXB2 Location pl17 (11-19)
Author Location
Epitope GELDRWEKI
Epitope name Gag-GI9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*4002)
Donor MHC 01RCH46:  A*0201, A*0217, B*0801,
B*4002, Cw*0303, Cw*0701
Keywords HAART, ART
References |Sabbaj et al.|2003

* This study monitored epitope responses in HIV-1 infected mi-
nority women living in the United States.

* 24 epitopes were described — 8 were novel, 8 used new re-
stricting elements but were previously defined epitopes, and 8
were previously described.

* Serial peptide truncations were used to define optimal epitopes
for CTL cell lines isolated from 12 individuals, assayed by a
Cr-release.

* This epitope was newly defined in this study.

* Patient 01RCH46 was Hispanic, on HAART, and had a viral
load of 21000 and CD4 count of 623 — she also recognized
KETINEEAA p24(70-78), HLA B*4002, and TAFTIPSI,
RT(128-135), HLA A*0217.

* Among HIV+ individuals who carried HLA B40, 2/5 (40%)
recognized this epitope.

HXB2 Location p17 (11-19)
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Author Location p17 (11-19)
Epitope GELDRWEKI
Immunogen HIV-1 infection
Species (MHC) human (B*4002)
Keywords optimal epitope
References |Llano et al.|2009

HXB2 Location p17 (11-19)
Author Location pl17 (11-19)
Epitope GELDRWEKI
Epitope name GI9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B40)
Donor MHC A*30, B¥18, B¥40, Cw*02, Cw*05
Country United States
Assay type CD8 T-cell Elispot - [FNy
Keywords responses in children, mother-to-infant trans-
mission, escape, acute/early infection, viral
fitness and reversion
References |Sanchez-Merino et al.[2005

* CD8 T-cell responses were examined in mother-infant pairs.
Escape variants were commonly detected in maternal plasma.
Early infant plasma viruses showed heterogeneity of gag and
nef gene sequences as well as mother-to-child transmission of
CDS8 T-cell escape variants. The stability of escape mutants in
the infant over time was determined by infant HLA haplotype
and viral fitness.

* Sequential plasma specimens from infants showed changes in
CDS8 T-cell epitope sequences, suggesting that infants are ca-
pable of generating virus-specific CD8 T-cell responses.

* The escape variant geldrwKki was detected in 10/10 maternal
clones from a B40-positive mother, but was absent in all se-
quences from her B40-negative infant, sampled at months 2,
4, and 11, suggesting either transmission of a minority wild-
type variant, or rapid reversion in the absence of continued
CTL pressure.

» geldrwKki elicted lower responder cell frequencies than GEL-
DRWEKI.

HXB2 Location pl17 (11-19)
Author Location pl5
Epitope GELDRWEKI
Epitope name B40-GI9(p15)
Immunogen HIV-1 infection
Species (MHC) human (B40)
Assay type CD8 T-cell Elispot - [IFNy
Keywords rate of progression, immunodominance,
early-expressed proteins
References |Altfeld et al.l2006
¢ Immunodominant HIV epitopes in early, primary infection of
CTLs were identified and the relative contribution of immune
responses restricted to individual HLA class I molecules were
studied.
The most frequently recognised epitopes also elicited the
greatest CTL response.
* HIV-1 Epitope sequence variability was not correlated with
immunodominant versus immune sub-dominant responses.
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* HLA-B57 and HLA-B27 restricted responses were the strong-
est in these early and acute infections - due to dominant re-
sponses to a single epitope in each case (TW10 for BS7 and
KK10 for B27).

* In the presence of HLA-B57 and HLA-B27 restricted re-
sponses, the relative contribution of other restricting HLA
dropped greatly.

HXB2 Location p17 (11-19)
Author Location pl7
Epitope GQLDRWEKI
Epitope name GI9(p17)
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Country China
Assay type CDS8 T-cell Elispot - [FNy
Keywords variant ~ cross-recognition  or  cross-
neutralization
References |Zhai et al.|2008
49 ART-naive chronically HIV-1 infected Chinese subjects’
CTLs were tested with 413 OLPs in IFN-gamma assays, deter-
mining optimal epitopes specific for Chinese Clade B HIV-1
sequences.
An inverse correlation was found between CTL response and
viral load.
Targeted peptides have lower entropy than peptides that are
not CTL targeted. This correlation is independent of HLA-
restriction.
Author defined epitope GQLDRWEKI elicited an immune re-
sponse as part of peptide SGGQLDRWEKIRLRPGGK. This
epitope differs from the previously described epitope, GEL-
DRWEKI, at 1 residue, GQLDRWEKI.
1 of the 20 HLA-B40 carriers responded to GQLDRWEKI-
containing peptide with a magnitude of CTL response of 50
SFC/million PBMC (author communication and Fig.1).

HXB2 Location pl17 (11-22)
Author Location Gag
Epitope GKLDSWEKIRLR
Subtype A, CRFO2_AG, CRFO1_AE
Immunogen HIV-1 infection
Species (MHC) human
Country Cote D’Ivoire
Assay type CD8 T-cell Elispot - IFNY, Other
Keywords subtype comparisons
References |Aidoo et al.|2008
¢ Factors affecting cross-subtype immunity were evaluated by
west Cote d’Ivoire subjects’ INF-gamma ELISpot responses
to OLPs from a CRF02_AG candidate vaccine, a west Kenyan
subtype A virus and a Thai CRFO1_AE sequence. 15 test
subject sequences were primarily CRF02_AG or CRF02_AG-
like, but also pure subtypes A and D. Cross-reactive responses
to Gag as well as Env peptides were seen, though the response
magnitude to Env was lower, perhaps due to its greater se-
quence variation.
1 subject responded to peptide GKLDSWEKIRLR from sub-
types CRF02_AG and A and to peptide GKLDaWEKIRLR
from subtype CRFO1_AE.
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HXB2 Location p17 (11-22)
Author Location Gag
Epitope GKLDAWEKIRLR
Subtype CRFO1_AE
Immunogen HIV-1 infection
Species (MHC) human
Country Cote D’Ivoire
Assay type CD8 T-cell Elispot - IFNYy, Other
Keywords subtype comparisons
References |Aidoo et al.|2008
Factors affecting cross-subtype immunity were evaluated by
west Cote d’Ivoire subjects’ INF-gamma ELISpot responses
to OLPs from a CRF02_AG candidate vaccine, a west Kenyan
subtype A virus and a Thai CRFO1_AE sequence. 15 test
subject sequences were primarily CRF02_AG or CRF02_AG-
like, but also pure subtypes A and D. Cross-reactive responses
to Gag as well as Env peptides were seen, though the response
magnitude to Env was lower, perhaps due to its greater se-
quence variation.
1 subject responded to peptide GKLDAWEKIRLR from sub-
type CRFO1_AE, and to peptide GKLDsWEKIRLR of sub-
types CRFO2_AG and A.

HXB2 Location p17 (11-30)
Author Location Gag (11-30)
Epitope GELDRWEKIRLRPGGKKKYK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B62)
Donor MHC A2, A32, B27, B62
Assay type Chromium-release assay
Keywords genital and mucosal immunity
References Musey et al.[2003
¢ CTL clones from blood, semen, cervix and rectum samples
from 12 individuals were compared. CTL clones derived from
blood and mucosal samples had similar high lysis efficiency,
primarily perforin dependent, and TCRP VDI region sequenc-
ing revealed cases of expansion of the same clone in different
compartments.
e CD8+ T cell clones directed at this epitope were derived from
blood and semen.

HXB2 Location p17 (12-21)
Author Location pl7
Epitope ELDRWEKIRL
Subtype B, C
Immunogen HIV-1 infection
Species (MHC) human (B63)
Assay type CD8 T-cell Elispot - [FNy
Keywords rate of progression
References [Frahm ez al.|2005
* HLA-B63-positive subjects were shown to be able to gener-
ate CTL responses early in acute HIV infection and to con-
trol HIV replication in the absence of antiretroviral treatment.
Since HLA-B63 shares the epitope binding motif of HLA-
B57 and -B58, it was shown that HLA-B63-positive individ-
uals mounted CTL responses to previously identified B57-
restricted epitopes, as well as novel, B63-restricted epitopes.
Moreover, these novel B63-restricted epitopes can also be pre-
sented by HLA-B57 and -B58.
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* This is a putative HLA B63 epitope containing the B58 super-
type binding motif embedded in a reactive peptide. There is
no evidence for B57/B58 cross-presentation of this epitope.

HXB2 Location p17 (13-27)
Author Location
Epitope LDRWEKIRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (A3, B60)
Donor MHC All, A2, B60, B7; A25, A3, B18, B27; All,
A2, B44, B60
Country Australia

Assay type proliferation, CD8 T-cell Elispot - IFNy

Keywords rate of progression

References |Dyer et al.|[2008
* 13 TAHIV (transfusion acquired HIV) LTNPs were studied
longitudinally for up to 27 years to find correlations and in-
dicators of elite control versus delayed progresson to AIDS.
12 of 13 subjects had one or more host genetic factor that
coincided with LTNP status, but 50% did not remain non-
progressors.
Immune factors that correlated with LTNP status were very
low HIV viremia (<100 copies/ml) associated with Gag p24
proliferative CD4 response. Decline in p24-induced prolif-
eration strongly preceded loss of non-progression to AIDS.
Strong Gag-specific CTL responses in one sub-cohort were in-
dicative of control while Pol-specific responses were effective
in controlling HIV replication in the other sub-group.
Peptide 4 (NIH ARRP Cat# 7875), LDRWEKIRLRPGGKK,
which contains epitopes restricted by HLA-B60 and -A3
in different patients elicited the following CTL responses:
(1) <100 sfc/ million PBMC in a living non-progressor for
22+ years; (2) in another living non-progressor from >1000
sfc/million PBMC at 12.5 years to <1000 sfc/million PBMC
at 22+ years; and (3) only at year 12 post-infection in a low
viremic non-progressor who succumbed to a non-AIDS death.

HXB2 Location pl17 (16-30)
Author Location p17 (16-30 HXB2)
Epitope WEKIRLRPGGKKKYK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human

Assay type T-cell Elispot

Keywords immunodominance, early treatment

References |Addo et al.2003
* Comprehensive Elispot screening of 504 overlapping peptides
that spanned all HIV-1 proteins in 57 HIV-1 infected indi-
viduals. Four groups of patients were compared: 23 were
untreated; 12 patients were chronically infected and treated;
22 started treatment during acute infection, 11 continuously
treated and 11 with STIL.
63% of the peptides were recognized - the most frequent re-
sponses were directed against Nef (95%) and p24-Gag (88%).
pl7 was the most frequently recognized protein after correc-
tion for protein length. A median of 18 peptides (range 2-
42) were recognized per person. The most frequently (>20%)
recognized peptides were located in conserved regions within
clade B sequences. Vpu was rarely recognized.
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* Responses to this peptide were detected in 19% of the study
subjects, and it was one of the 25 most frequently recognized
peptides.

HXB2 Location p17 (17-31)
Author Location
Epitope EKIRLRPGGKKYKL
Immunogen HIV-1 infection
Species (MHC) human (B27, B7)
Donor MHC A2, A32, B44, B7; A25, A3, B18, B27
Country Australia

Assay type proliferation, CD8 T-cell Elispot - IFNy

Keywords rate of progression

References Dyer et al.|2008
¢ 13 TAHIV (transfusion acquired HIV) LTNPs were studied
longitudinally for up to 27 years to find correlations and in-
dicators of elite control versus delayed progresson to AIDS.
12 of 13 subjects had one or more host genetic factor that
coincided with LTNP status, but 50% did not remain non-
progressors.
Immune factors that correlated with LTNP status were very
low HIV viremia (<100 copies/ml) associated with Gag p24
proliferative CD4 response. Decline in p24-induced prolif-
eration strongly preceded loss of non-progression to AIDS.
Strong Gag-specific CTL responses in one sub-cohort were in-
dicative of control while Pol-specific responses were effective
in controlling HIV replication in the other sub-group.
Peptide 5 (NIH ARRP Cat# 7876), EKIRLRPGGKKYKL,
which contains epitopes restricted by HLA-B7 and -B27
elicited the following CTL responses: (1) in a living non-
progressor for 19+ years; (2) in another living non-progressor
from >1000 sfc/million PBMC at 12.5 years to <1000
sfc/million PBMC at 22+ years.

HXB2 Location pl17 (17-31)
Author Location pl17 (17-31)
Epitope EKIRLRPGGKKKYKL
Subtype B
Immunogen HIV-1 infection, vaccine
Vector/Type: DNA Strain: B clade HIV
component: Gag Adjuvant:  aluminum
phosphate
Species (MHC) human
Country United States
Assay type CDS8 T-cell Elispot - IFNY, Other
References Balamurugan et al.|2008
* To check whether unsuccessful vaccines may interfere with
normal patient immune response,2 subjects were followed.
The first, 00015, was seronegative while receiving vaccina-
tion, but later contracted infection. The second, 00016, had
temporary sexual contact with subject 00015 and showed
symptoms of disease 2 weeks before him. Without treatment,
both reached low chronic viremic levels, and showed similar
magnitude of immune response.
* Similar immune pressure was seen on viral sequences in both
patients, over time in Gag, Pol, Nef.
» Data suggest that the vaccine failed to prime subject 00015
against HIV infection, but it did not impair ability to naturally
contain viremia in comparison with infecting subject 00016.
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* CTL immune response to consensus sequence EKIRLRPG-
GKKKYKL was elicited in 2 subjects. Consensus epitopes of
subject 0015 and of subject 0016 were the same as Clade B
consensus.

HXB2 Location pl17 (17-34)

Author Location pl7

Epitope EKIRLRPGGKKKYKLKHI

Subtype B

Immunogen HIV-1 infection
Species (MHC) human
Country Barbados, Haiti, United States
Assay type CD8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining
Keywords binding affinity, immunodominance
References |[Frahm ez al./2004

* To identify HLA-independent immunodominant regions in
HIV clade B across different ethnicities, the authors analyzed
CTL responses to HIV in African-American (AA), Caucasian
(C), Hispanic (H) and West Indian (WI) cohorts, and analyzed
factors infuencing immune dominance. Host HLA-A11 and -
A2S5 distributions differed among ethnicities significantly. The
virus regions most targeted by CTLs in breadth and magnitude
were in Gag, Nef and Int proteins (Nef-76, most targeted). Pro
was the least targeted. 88% of peptides across the entire HIV
sequence elicited CTL responses. 6 peptides tested were most
differentially targeted between ethnicities. 3 frequently tar-
geted and 10 highly CTL-reactive regions across all 4 ethnici-
ties were noted for vaccine design purposes.
Suppressive treatment rather than treatment itself was found to
diminish CTL responses, whose breadth and magnitude cor-
relates with CD4 count and not viral load. Factors found to
determine peptide recognition by CTLs were (i) conserved
peptides displaying low entropy (ii) low fraction of forbid-
den amino acids and (iii) high proteasomal cleavage score,
confirming previous informatic studies [Yusim et al. J.Virol.
76:8757-68 (2002)]. These 3 variables did not correlate with
each other but an inverse trend was seen between cleavage
score and entropy.
In addition, since all ethnicities were able to mount CTL re-
sponses to every HIV protein and only <12% of peptides were
not recognized by any subject, the consensus sequence-based
approach to vaccine design is substantiated.
This immunodominant, frequently targeted overlapping pep-
tide, EKIRLRPGGKKKYKLKHI, had an overall frequency
of recognition of 16.7% - 22% AA, 15.4% C, 15.9% H, 4.8%
WL

HXB2 Location p17 (18-26)
Author Location pl17
Epitope KIRLRPGGK
Immunogen peptide-HLA interaction
Species (MHC) human (A*03)
Assay type Tetramer binding
Keywords binding affinity
References |Gillespie ef al.[2007
* MHC can exert a protective effect on HIV-1 disease pro-
gression by the interaction of MHC Class I molecules with
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Killer Inhibitory Receptors (KIR) of the innate immune sys-
tem. Here, KIR3DS1, a putative stimulatory receptor and al-
lele of the inhibitory KIR3DLI1, is studied. Bw4 MHC Class
I proteins were implicated in this KIR’s ligand specificity,
but the authors were unable to generate binding of Bw4Ile80
tetramers in complex with epitopes to KIR3DS1 transiently
expressed on 293-T cells, using a panel of HIV-epitopes dif-
fering at p7 and p8.

e This epitope, KIRLRPGGK (MHC Class I restriction,
serotype Bw6) complexed with MHC AO03 as a tetramer was
unable to bind KIR3DS1 at 4, 20 and 37C.

HXB2 Location p17 (18-26)
Author Location pl17 (18-26 I1IB)
Epitope KIRLRPGGK
Immunogen
Species (MHC) human (A*0301)
Keywords optimal epitope
References |Llano e all2009
* C. Brander notes that this is an A*0301 epitope.

HXB2 Location p17 (18-26)

Author Location

Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Keywords acute/early infection
References [Wilson et al.|2000a

* Three individuals with highly focused HIV-specific CTL re-

sponses were studied during acute infection using tetramers —

high frequencies of HIV-1-specific CD8+ T cells were found
prior to seroconversion, and there was a close temporal re-

lationship between the number of circulating HIV-specific T

cells and viral load was also found.

All three patients were B*2705, with HLA alleles: Al,

A30/31, B*¥2705, B35; A1, A*0301, B7, B2705; and A*0201,

A*0301, B2705, B39.

ELISPOT was used to test a panel of CTL epitopes that had

been defined earlier and were appropriate for the HLA haplo-

types of the study subjects — 3/3 subjects showed a dominant
response to the B¥2705 epitope KRWIILGGLNK.

The subject with A*0201 had a moderately strong response to

SLYNTVATL.

Weak responses were observed to A*301-RLRPGGKKK,

A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the sub-

ject who was HLA A1, A*0301, B7, B*2705.

* No acute response was detected to the following epi-
topes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-
AIFQSSMTK, A*301-TVYYGVPVWK, B35-EPIVGAETF,
B35-HPDIVIYQY, B35-PPIPVGEILY, B35-NSSKVSQNY,
B35-VPLRPMTY, B35-DPNPQEVVL.

HXB2 Location pl17 (18-26)
Author Location p17 (18-26 SF2)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
References |Altfeld ez alJ2001a
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* HIV+ individual AC-06 was tested for reactive overlapping
peptides spanning all HIV-1 proteins in an ELISPOT and was
found to react with 12 peptides from 7 proteins, suggesting
that the breadth of CTL responses are underestimated if ac-
cessory proteins are not included in the study.

* The reactive peptide p17 gag WEKIRLRPGGKKKYK con-
tained two A*0301-restricted epitopes, KIRLRPGGK and
RLRPGGKKK A*0301.

HXB2 Location p17 (18-26)
Author Location pl17 (18-26)
Epitope KIRLRPGGK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Assay type CDS8 T-cell Elispot - IFNy, CD8 T-cell Eli-
spot granzyme B
Keywords Thl, characterizing CD8+ T cells
References [Kleen et al.ll2004
* Only 20% of CD8+ T-cells produce IFN-gamma and
granzyme B simultaneously (Tcla). Two additional subpopu-
lations of HIV specific CD8+ cells are found, each one con-
stituting 30-40% of the CD8+ cell pool. One of these (Tc1b)
secretes IFN-gamma only, and the other one (Tclc) secretes
GzB only.
» Two of seven patients responded to this peptide with GzB pro-
ducing cells, while none of the patients responded with IFN-
gamma producing cells.

HXB2 Location p17 (18-26)
Author Location pl17
Epitope KIRLRPGGK
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Donor MHC A*0101, A*0301, B*0801;
A*3101, B*¥3501, B*3905
Country United Kingdom
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords escape, acute/early infection, variant cross-
recognition or cross-neutralization
References [Milicic ef al.2005
CTL responses and escape were analyzed in 4 homosexual
couples where blood samples were available within weeks of
estimated transmission. CTL escape variants were often trans-
mitted. When the recipient had the same HLA type as the
donor, CTL escape variants prevented a CTL response to those
epitopes in the recipient. Even when the HLA alleles were dif-
ferent in the transmitting couple, a single escape mutation in
one epitope can abolish CTL recognition of an overlapping
epitope of distinct restriction in the recipient.
A*0301 epitopes RLRPGGKKK and KIRLRPGGK, and
B*0801 epitope GGKKKYRL, overlap. In 1 donor, the
transmitted virus carried the escape form for 2 of these epi-
topes. The double substitution kirlrpggR results in escape
from response in the donor. Similarly, the double substitution
ggRkkyKI results in escape for this epitope.
The escape mutation kirlrpggR in this epitope resulted in 74%
reduction in HLA binding affinity. The other variant tested,
kirlrQggR, resulted in 90% reduction.

A*0201,
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HXB2 Location p17 (18-26)
Author Location Gag (Henan isolate)
Epitope KIRLRPGGK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A11)
Country China
Assay type CDS8 T-cell Elispot - IFNy
References (Gong et al.|2006
* CTL responses were studied in treated and untreated donors
from China, using Gag peptides from Henan isolate. All pep-
tides were predicted to have A2 or All restriction (two of
the most prominent alleles in Chinese population) and HLA
restriction was further analyzed by CTL recognition in pa-
tients carrying corresponding allele. Among treated donors,
HLA-A2 donors had higher CTL response than than HLA-
A1l donors. Chronically infected untreated individuals had
higher magnitude of CTL response than treated ones.

HXB2 Location p17 (18-26)
Author Location p17 (18-26 I1IB)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords responses in children, mother-to-infant trans-
mission, escape
References |Wilson et al.|l1996
 Epitope defined in the context of the Pediatric AIDS Founda-
tion ARIEL Project, a mother-infant HIV transmission study.
* KIRLRPGGR and RIRLRPGGR, naturally occurring vari-
ants, were found in mother and are escape mutants.

HXB2 Location p17 (18-26)
Author Location pl7 (18-26)
Epitope KIRLRPGGK
Immunogen in vitro stimulation or selection
Species (MHC) human (A3)
Keywords dendritic cells
References [Zarling et al.|1999
This study compares the ability of macrophages and dendritic
cells to stimulate primary responses in CD8+ lymphocytes
isolated from HLA-appropriate HIV-uninfected donors using
peptide-pulsed APC — the dendritic cells performed better as
APC for the stimulation of primary responses.
Strong CTL responses were elicited by the epitopes DRFYK-
TLRA and GEIYKRWII when presented by either immature
or mature dendritic cells — macrophages were not able to prime
a CTL response against DREFEYKTLRA.
* A weak response to KLTPLCVSL was stimulated using
macrophages as the APC.
e No detectable response was observed for the follow-
ing previously-defined HIV epitopes: KIRLRPGGK,
ILKEPVHGYV, IRLRPGGK, GPKVKQWPL.

HXB2 Location pl17 (18-26)
Author Location Gag (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
References Brodie et al.[1999
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* The ability of CTL effector cells was studied by expanding au-
tologous HIV-1 Gag-specific CTL in vitro, and adoptive trans-
fer.

* The transferred CTLs migrated to the lymph nodes and
transiently reduced circulating productively-infected CD4+ T
cells, showing that CTL move to appropriate target sites and
mediate anti-viral effects.

HXB2 Location p17 (18-26)

Author Location (18-26)

Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Brodie et al.|2000:

* Study tracks and quantifies in vivo migration of neo-marked
CD8+ HIV-specific CTL.

* Adoptively transferred gene-marked HIV-specific CTL homed
to specific lymph node sites, colocalizing within the parafol-
licular regions of the lymph node adjacent to cells expressing
HIV tat-fusion transcripts, indicative of viral replication.

* The CTL clones expressed CCRS and localized among HIV-1
infected cells expressing MIP-lalpha and MIP-1beta, CC-
chemokines produced at sites of viral replication, suggesting a
possible homing mechanism.

* This study provides a methodology for tracking and studying
antigen specific CTL in vivo.

HXB2 Location p17 (18-26)
Author Location p17 (18-26 I1IB)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) transgenic mouse (A3)
Keywords responses in children, mother-to-infant trans-
mission, escape
References |Wilson et al.|l1999a

* This study describes maternal CTL responses in the context of
mother-to-infant transmission.

* Detection of CTL escape mutants in the mother was associated
with transmission, but the CTL-susceptible forms of the virus
tended to be found in infected infants.

* KIRLRPGGR and RIRLRPGGR were escape mutants.

* This epitope was recognized and many escape mutants were
detected in an HLA A3 transmitting mother, and was recog-
nized but invariant in an HLA A3 non-transmitting mother.

HXB2 Location pl7 (18-26)
Author Location p17 (18-26 I1IB)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords review, escape
References |Goulder ef al.|1997¢} |Goulder et al.|19974)

* HLA-identical sibling hemophiliac brothers were both in-
fected with the same batch of factor VIII. \Goulder er al.
[1997¢]| is a review of immune escape that summarizes this
study.

* One had a response to this epitope, the other did not. They
were tested 6-8 years after infection.

HXB2 Location pl7 (18-26)
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Author Location pl7 (subtype B)
Epitope KIRLRPGGK
Subtype B
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A3)
References |[Kaul ez /.[2000

* 11 of 16 heavily HIV exposed but persistently seronegative
sex-workers in Nairobi had HIV-specific CD8+ gamma-IFN
responses in the cervix — systemic CD8+ T-cell responses
tended to be to the same epitopes but at generally lower levels
than cervical CD8+ T-cell responses.

* Low risk individuals did not have such CD8+ cells.

e CD8+ T-cell epitopes: DTVLEDINL (3 individuals), SLYNT-
VATL (4 individuals), LSPRTLNAW (3 individuals) and
YPLTFGWCF (4 individuals) were most commonly recog-
nized by the HI'V-resistant women.

HXB2 Location p17 (18-26)

Author Location pl7 (SF2)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a

* WEKIRLRPGGKKKYKLK was the target of the dominant
response in Caucasoids (38%) more frequently than non-
Caucasoids (12%) — 7/10 that had a dominant response to this
epitope were A3, and 5/7 targeted RLRPGGKKK while 2/7
targeted KIRLRPGGK.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) con-
tained dominant Gag-specific epitopes in 32/37 C-clade in-
fected subjects from South Africa.

HXB2 Location pl7 (18-26)
Author Location pl7
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords HAART, ART
References [Seth ef al[2001
¢ CTL responses were studied by tetramer staining in 41 pa-
tients with combination therapy — activated CD8+ T-cells de-
cline as the viral load drops in response to therapy, but the
overall level of antigen-specific cells capable of differentiating
into effectors stays constant and new epitopes may be recog-
nized.

HXB2 Location pl7 (18-26)
Author Location p17 (18-26 SF2)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
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Keywords HAART, ART, acute/early infection

References |Altfeld et all2001b
* Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-A3+ individuals that had a CTL response to
this epitope broken down by group: 3/7 group 1, 0/4 group 2,
and 2/2 group 3.

HXB2 Location p17 (18-26)

Author Location p17 (18-26)

Epitope KIRLRPGGK
Immunogen HIV-1 infection, HIV-1 exposed seronegative

Species (MHC) human (A3)
Keywords HIV exposed persistently seronegative

(HEPS)
References |[Kaul ez a/J2001a

¢ KIRLRPGGK is cross-reactive for A, B, and D clades.

* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

HXB2 Location p17 (18-26)
Author Location p17 (JRCSF)
Epitope KIRLRPGGK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
References [Severino et al.[2000
* Primary HLA-A3+ CD4+ and HLA-mismatched lympho-
cytes from uninfected donors were infected with JRCSF af-
ter isolation then cocultured with the A3-restricted CTL clone
11504/A7 specific for KIRLRPGGK, and viral inhibition was
MHC-restricted.
Primary monocytes and monocyte-derived DC were generated
from the same donors, replication of HIV-1 in these cell types
was less efficient than in lymphocytes and could also be inhib-
ited by MHC-restricted CTL.
DC-lymphocyte cluster cultures allowed vigorous viral repli-
cation and MHC-restricted CTL viral inhibition was blunted
or lost depending on the ratio of DC to CD4+ lymphocyte in
the culture.

HXB2 Location pl17 (18-26)
Author Location p17 (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords rate of progression, acute/early infection

HIV Molecular Immunology 2009



Gag p17 CTL/CD8+ epitopes

References |Day et al.|2001
The CTL response to optimally defined CTL epitopes re-
stricted by HLA class I A and B alleles in individuals who
coexpressed HLA A2, A3, and B7 was studied in eight HIV-1-
infected subjects, two with acute infection, five with chronic,
and one long-term non-progressor (LTNP).
2 to 17 epitopes were recognized in a given individual, A2-
restricted CTL response tended to be narrow and never dom-
inated the response, and 25/27 epitopes were targeted by at
least one person.
All patients recognized at least 1 A3 epitope, up to 8 A3 epi-
topes, but none was clearly dominant.

HXB2 Location p17 (18-26)
Author Location p17
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords dendritic cells
References |Ostrowski et al.|2000

* The role of CD4+ T-cell help in expansion of virus-specific
memory CTL was studied through co-culture ex vivo.

* Optimal expansion of HIV-1-specific memory CTL depended
on CD4+ T cell help in 9 of 10 patients — CD40 ligand trimer
(CD40LT) could enhance CTL in the absence of CD4+ T cell
help to a variable degree in most of patients.

* Those CTL that didn’t respond to CD40LT could expand with
IL2 present, and IL15 produced by dendritic cells also con-
tributes.

* The T-helper epitope used for CD4+ T-cell stimulation was
the universal tetanus helper epitope TET830-843 (QYIKAN-
SKFIGITE)

HXB2 Location p17 (18-26)
Author Location p17 (18-26)
Epitope KIRLRPGGK
Epitope name A3-KK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A3, B7, Cw7
Keywords dynamics, supervised treatment interruptions
(STI), immunodominance, acute/early infec-
tion
References [Yu et al/2002al

¢ CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or
-B7 (n=4) or both -A3 and B7 (n=7) positive individuals were
studied.

* One individual, AC-06, was homozygous at all three class I
alleles (A3, B7, Cw7), was treated during acute infection and
had supervised treatment interruptions (STI). He had only two
detectable CTL responses during acute infection, but after STI
this broadened to 27 distinct epitopes including 15 restricted
by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.

e 8/14 HLA-A3 positive individuals had detectable A3-
restricted responses during acute infection. Only 5/15 of
HLA-A3 epitopes tested were targeted during acute infection.
7/8 individuals with acute responses had specific responses for
this epitope.
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* KIRLRPGGK and RLRPGGKKK were the most commonly
recognized HLA-A3 epitopes during acute infection, after 1
year of treatment, and after STI. RLRPGGKKK was immuno-
dominant.

HXB?2 Location p17 (18-26)
Author Location pl17 (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A03, A32, B15, B51, Cw03, Cw06, DQ7,
DR4, DR8
Country Netherlands
Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords rate of progression
References |Geels et al.|2003
* Both stable potential epitopes and epitopes with escape muta-
tions were found in a patient with increasing viral load over a
time period of 4 years. Fixation of escape mutations occured
sequentially and correlated with the rise in viral load and with
the increased number of productively infected cells.
This is one of 17 potential epitopes from this individual, de-
fined based on previously identified epitopes presented by ap-
propriate HLA molecules. Full length genome sequence did
not reveal changes in time in any of these epitopes over a
four year period. Peptide pools initially revealed very little
response to these epotopes, but this increased over time.

HXB2 Location p17 (18-26)
Author Location pl17 (18-26 B consensus)
Epitope KIRLRPGGK
Epitope name KK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country United States
Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords epitope processing, immunodominance, es-
cape, acute/early infection, characterizing
CD8+ T cells, viral fitness and reversion
References |Allen et al.l[2004
* KK9 and RK9 overlap, are presented by HLA-A3, and are
frequently immunodominant and involved in acute-phase pri-
mary responses. A mutation in the C-terminal flanking residue
of KK9 (K to Q) (kirlrpkkg-Q) inhibits processing of the im-
munodominant gag KK9 epitope, resulting in rapid decline in
the KK9 specific CD8+ T-cell response. At the same time it
abrogates the response to RK9 through the embedded muta-
tion rlrpggkQk. Transmission of this mutation to patients ex-
pressing HLA-A3 prevents acute-phase response to these epi-
topes, although the mutation can eventually revert to wild-type
allowing a delayed response to the epitope.

HXB2 Location p17 (18-26)
Author Location pl17
Epitope KIRLRPGGK
Epitope name KK9
Immunogen HIV-1 infection
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Species (MHC) human (A3)
Keywords review, epitope processing, escape
References |(Goulder & Watkins|2004
» This paper is a review of the role of CTL in HIV infection,
and it uses KK9 as an example of an epitope that escapes due
to a mutation beyond the epitope on the C-terminal side that
probably affects proteasomal processing.

HXB2 Location p17 (18-26)
Author Location (B consensus)
Epitope KIRLRPGGK
Epitope name KK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A03, B14, B60, Cw3, Cw7
Country United States
Assay type Cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cy-
tometric T-cell cytokine assay
Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cells
References |Lichterfeld ez al.|2004c
» Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T cells secreting both IFN-gamma and
TNF-alpha exhibit stronger cytotoxic activity than those se-
creting only IFN-gamma. These cells also exhibited stronger
intracellular perforin expression. No association between
HIV-1-specific CD8+ T-cell maturation phenotypes and intra-
cellular perforin expression was found.
* One of nine individuals recognized this epitope.

HXB2 Location p17 (18-26)
Author Location pl7
Epitope KIRLRPGGK
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A3)
Donor MHC AO01, A03, B39, B44, Cw4, Cw6
Assay type T-cell Elispot
Keywords HIV exposed persistently seronegative
(HEPS)
References |Missale et al.|2004
HIV-specific T-cell response was tested in patients exposed to
blood from a patient with highly replicating HIV; these pa-
tients were nosocomially infected with HBV, but uninfected
with HIV. HIV-specific T-cell responses were directed to struc-
tural and non-structural HIV proteins in 2 patients, suggesting
that the virus replicated in these patients sufficiently to prime a
cell-mediated immune response that protected them from HIV
infection.
* This patient responded to 3/11 HIV epitopes tested in an
IFNgamma EliSpot assay. Responses were detected 16 and
20 weeks after exposure, but were lost by week 80.

HXB2 Location pl17 (18-26)
Author Location Gag (18-26)
Epitope KIRLRPGGK
Subtype B
Immunogen HIV-1 infection
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Species (MHC) human (A3)
Donor MHC Al, A3, B57, B7, Cw6, Cw7
Country United States
Assay type CDS8 T-cell Elispot - [FNy
References |Allen ef al.2005a
» Two-thirds of all mutations arising in non-envelope proteins
during the transition from acute to chronic infection were
found to be due to either CD8 T-cell-associated selective pres-
sures or reversion of HLA-I-associated mutations selected in a
previous host.The predominance of escape mutations at highly
polymorphic sites was observed across different HIV-1 clades.
* This epitope was reactive, but escape mutations did not accrue
in it over time.

HXB2 Location p17 (18-26)
Author Location p24
Epitope KIRLRPGGK
Epitope name KK9
Immunogen
Species (MHC) (A3)
Keywords review, immunodominance, acute/early in-
fection, kinetics, viral fitness and reversion
References |Lichterfeld ef al.2005
* This review discusses the importance of 3 factors that impact
the selection of immunodominant epitopes in acute HIV in-
fection: i) the kinetics of viral protein expression, ii) the HLA
class I background of the infected individual, and iii) the autol-
ogous sequence of the infecting virus. This is 1 of 12 peptides
listed as immunodominant in acute HIV-1 infection.

HXB2 Location p17 (18-26)
Author Location p17 (18-26)
Epitope KIRLRPGGK
Epitope name KR9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A*03, A*31, B*08, B*15, Cw*04, Cw*07
Country United States
Assay type CDS8 T-cell Elispot - [FNy
Keywords responses in children, mother-to-infant trans-
mission, escape, acute/early infection, viral
fitness and reversion
References |Sanchez-Merino et al.[2005

* CD8 T-cell responses were examined in mother-infant pairs.
Escape variants were commonly detected in maternal plasma.
Early infant plasma viruses showed heterogeneity of gag and
nef gene sequences as well as mother-to-child transmission of
CDS8 T-cell escape variants. The stability of escape mutants in
the infant over time was determined by infant HLA haplotype
and viral fitness.

* Sequential plasma specimens from infants showed changes in
CD8 T-cell epitope sequences, suggesting that infants are ca-
pable of generating virus-specific CD8 T-cell responses.

* The escape variant kirlrpggR was present in 10/10 clones from
an A3+ mother, was transmitted to her infant,and present in
10/10 clones at months 2 and 4, but decreased to 0/10 clones
by 15 months of age in her A3- child.

HXB2 Location p17 (18-26)
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Author Location p17
Epitope KIRLRPGGK
Epitope name A3-KK9(p17)
Immunogen HIV-1 infection

Species (MHC) human (A3)

Assay type CD8 T-cell Elispot - [FNy

Keywords rate of progression, immunodominance,

early-expressed proteins

References |Altfeld et al.[2006
Immunodominant HIV epitopes in early, primary infection of
CTLs were identified and the relative contribution of immune
responses restricted to individual HLA class I molecules were
studied.
The most frequently recognized epitopes also elicited the
greatest CTL response.
HIV-1 Epitope sequence variability was not correlated with
immunodominant versus immune sub-dominant responses.
HLA-B57 and HLA-B27 restricted responses were the strong-
est in these early and acute infections - due to dominant re-
sponses to a single epitope in each case (TW10 for B57 and
KK10 for B27).
In the presence of HLA-B57 and HLA-B27 restricted re-
sponses, the relative contribution of other restricting HLA
dropped greatly.

HXB2 Location p17 (18-26)
Author Location p17 (18-28 B1 and B2)
Epitope KIRLRPGGK
Subtype B, CRFO1_AE
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A3, A32, B62, B, Cw3
Country Netherlands
Assay type Other
Keywords subtype comparisons, computational epitope
prediction, superinfection
References |[Kozaczynska et al.|2007
The influence of superinfection upon changes in HIV-1 strains
was studied in a triple infected subject. While continuous ex-
pression of all three strains was observed, the LTR promoters
of subtype AE had highest activity of all 3 strains, and subtype
B2 had the lowest. Env-V3 sequences were present in higher
numbers in strains B2 and CRFO1_AE. Recombination was
seen between viruses B1/B2 in gag and vpr genes.
This HLA-AO3 restricted epitope, KIRLRPGGK, is the dom-
inant gag epitope in Caucasians and varied to KIRLRPGGr
or KIRLRPGGs. Mutant KIRLRPGKK was found at 42% in
strain B1 after 4 years while mutant KIRLRPGGs was found
in 100% of B2 after 3 years. Though the infecting variant
in CRFO1_AE was KIRLRPGGq, no changes were seen in it
with time.

HXB2 Location pl17 (18-26)
Author Location p17 (18-26 SF2, HXBc2/Bal RS)
Epitope KIRLRPGGK
Epitope name KK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
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Donor MHC A2, A3, B15, B7, Cw3, Cw6; A29, A3, B44,
B7, Cw3, Cw7; A24, A3, B7, B8, Cw7
Country United States
Assay type Cytokine production, Flow cytometric T-cell
cytokine assay, Degranulation, CD107a and
b cell surface mobilization
Keywords supervised treatment interruptions (STI),
variant ~ cross-recognition  Or  Cross-
neutralization, characterizing CD8+ T
cells, drug resistance
References [Daucher ez al.|2008
* A detailed analysis of 6 chronically infected patients’ CTL re-
sponses to autologous virus was performed after ART and SIT
(structured interruption of therapy). Qualitative responses in-
cluding degranulation and production of IFN-gamma, MIP-
Ibeta, TNF-alpha, IL-2, but not memory CD27, CD45RO and
CD57 T cells correlated with extended low plasma viremia.
Frequency and breadth of CTL response as well as immune
escape did not influence virological outcome.
One patient exhibited drug resistance mutations K170R (to
NNRTI efavirenz) and D76N, K70R (to NRTIs).
Autologous epitopes were preferentially recognized over opti-
mal, consensus sequences.
Patients with favorable virological outcomes demonstrated
CTL recognition within multiple, conserved regions of Gag
and Nef.
Patients with poor virological outcomes recognized optimal
epitopes with much lower frequencies, though this was not
significant.
HLA-A3-restricted epitope, KIRLRPGGK, elicited a re-
sponse in 3 patients and is found in Gag immunodominant
regions WEKIRLRPGGKKKYKL, WEKIRLRPGGKKKYK
or LDRWEKIRLRPGGKKKYKL. The autologous sequence
in one patient was KIRLRPGGr.
In a patient who had one of the lowest viremias, the highest
frequency of CTL response was to 2 immunodominant regions
in Gag containing epitopes KK9, RK9 (RLRPGGKKK) and
p17 RPGGKKKYK.

HXB2 Location p17 (18-26)
Author Location pl17
Epitope KIRLRPGGK
Epitope name KK9(p17)
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country China
Assay type CD8 T-cell Elispot - IFNy
References |Zhai et al.|2008
* 49 ART-naive chronically HIV-1 infected Chinese subjects’
CTLs were tested with 413 OLPs in IFN-gamma assays, deter-
mining optimal epitopes specific for Chinese Clade B HIV-1
sequences.
* An inverse correlation was found between CTL response and
viral load.
* Targeted peptides have lower entropy than peptides that are
not CTL targeted. This correlation is independent of HLA-
restriction.
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¢ Although the tested peptide sequence, SGGQLDRWEKIRL-
RPGGK, contains the exact sequence of a previously de-
scribed HLA-A3 optimal epitope, KIRLRPGGK, none of the
3 HLA-A3 carriers responded to it (author communication and
Fig.1).

HXB2 Location p17 (18-26)
Author Location pl17 (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human (A*0301, A3, B27)
References |Ferrari et al.|2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (18-26)
Author Location p17 (18-26)
Epitope KIRLRPGGK
Epitope name A3-KK9 Gag
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Country United States
Assay type CD8 T-cell Elispot - [FNy
Keywords epitope processing, supervised treatment in-
terruptions (STI), escape, early treatment, su-
perinfection
References |Altfeld et al.J2002a
¢ An HIV+ individual given acute ARV and undergoing STI de-
veloped a strong CTL immune response, but despite this was
shown to be superinfected with second B clade virus. Some
epitope variants of the second infecting virus were resistant
to the initial CTL response. This epitope did not vary, al-
though the response declined over time. The authors suggest
this might be due to a downstream Arg -> Thr substitution at
C+2 that may impair processing.

HXB2 Location p17 (18-26)
Author Location p17 (18-26)
Epitope KIRLRPGGK
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A*0101, A*0301, B*0801;
A*3101, B*3501, B*3905
Assay type CD8 T-cell Elispot - IFNy, HLA binding
Keywords HAART, ART, escape, viral fitness and rever-
sion
References |Asquith et al.[2006
e In order to reconcile apparent conflicts between a CTL-
protective role as suggested by HLA-1 alleles associated with
different rates of progression to AIDS, and a CTL non-
protective role as suggested by the fact that virus clearance
following ART is not impaired in advanced AIDS, a model is
made that quantifies the efficiency of HIV-1-specific CTLs in
vivo. As a surrogate for the actual rate of CTL-killing of in-
fected cells, the model rests on calculating virus escape rate
for an epitope and subtracting its reversion rate upon trans-
mission to a non-restricting HLA bearing host. It is shown

A*0201,
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that CTLs recognizing a single epitope kill only 2% of produc-
tively infected CD4+ cells. The rate of CTL lysis was found to
be significantly faster during primary infection than in chronic
infection. However, the authors suggest that small differences
in CTL lysis rate can translate into large differences in terms
of absolute numbers of infected cells killed, which are likely
to be clinically relevant.

The best estimate escape rate for this epitope, KIRLRPGGK,
was 0.002 (SE 0.006), and best estimate reversion rate was
0/day with a SE of 0.

The variant K26R confers escape in A*0301+ individuals. On
transmission to an HLA A*0301-negative recipient, the muta-
tion did not revert to wild type over a period of 1 year.

HXB2 Location p17 (18-26)
Author Location Gag
Epitope KIRLRPGGK
Immunogen HIV-1 infection, in vitro stimulation or selec-
tion
Species (MHC) human
Country United States
Assay type CD8 T-cell Elispot - IFNy
References |Garrison ez al.[2007
* The study examined the influence of HIV-1 infection on hu-
man endogenous retroviruses (HERVs) activity and explored
T cells cross-reactivity in regions of HIV-1/HERV similarity.
T cell responses to HERV peptides were identified in HIV-1
positive individuals. There was an inverse correlation between
anti-HERV T cell responses and HIV-1 viral load.
HIV-1 epitope KIRLRPGGK has a corresponding HERV pep-
tide KIRLPPGYF. These 2 peptides were used in measuring
IFN-y ELISPOT responses in HIV-1-positive and -negative in-
dividuals.

HXB2 Location pl17 (18-26)
Author Location pl17 (18-26)

Epitope KIRLRPGGK

Epitope name KK9
Subtype Al
Immunogen HIV-1 infection
Species (MHC) human
Country Kenya
References |Peters et al.|2008a

* Gag sequences from 468 HIV-1 positive sex workers from the
Kenyan Pumwani cohort were analyzed to bioinformatically
identify positively selected residues that could be related to
antigen processing. Mutation effects on disease progression
were followed by mean CD4 counts. This method is also
one way of identifying potential CTL epitopes and classify-
ing them.
A Gag positive selection map was generated and sites were
classified as beneficial or harmful to HIV. They were corre-
lated to antigen processing (proteasomal cleavage), antigen
presentation (TAP transport efficiency) and T-cell receptor
binding.
pl7 and p24’s structural constraints limited their diversity,
while p7-p1-p6 showed a higher average entropy.
* Epitope KK9, KIRLRPGGK, is known to bind HLA-A*0301.

HXB2 Location p17 (18-27)
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Author Location (C consensus)
Epitope KIRLRPGGKK
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*0301)

Country South Africa

Assay type CDS8 T-cell Elispot - [IFNy

Keywords characterizing CD8+ T cells

References |Kiepiela et al.|2004

* HLA class I restricted CD8+ T-cell responses against HIV-1
were analyzed in African patients. Significantly more re-
sponses were shown to be HLA-B restricted. Viral load, CD4
count, and thus rate of disease progression were also associ-
ated with HLA-B alleles. In addition, the selection pressure
imposed on HIV-1 by HLA-B alleles was shown to be sub-
stantially greater than by other alleles.

» This epitope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epi-
tope in the HIV database. Also, a significantly higher fre-
quency of people in the Durban cohort who reacted with the
peptide had this HLA type.

HXB2 Location p17 (18-27)
Author Location Gag
Epitope KIRLRPGGKK
Epitope name 1272
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A11)
Country United States
Assay type T-cell Elispot
Keywords binding affinity, computational epitope pre-
diction, cross-presentation by different HLA
References [De Groot ef al.2003

» Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as
MHC supertypes.

» Estimated binding probability for KIRLRPGGKK: 36%. This
epitope has been previously reported to be presented by A3,
B27, B62, Bw62 and is an Al1 binder, but was not confirmed
as a CTL target in this study.

HXB2 Location pl17 (18-27)
Author Location Gag (Henan isolate)
Epitope KIRLRPGGKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A11)
Country China
Assay type CDS8 T-cell Elispot - IFNy
References (Gong et al.|2006!
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* CTL responses were studied in treated and untreated donors
from China, using Gag peptides from Henan isolate. All pep-
tides were predicted to have A2 or All restriction (two of
the most prominent alleles in Chinese population) and HLA
restriction was further analyzed by CTL recognition in pa-
tients carrying corresponding allele. Among treated donors,
HLA-A2 donors had higher CTL response than than HLA-
A1l donors. Chronically infected untreated individuals had
higher magnitude of CTL response than treated ones.

HXB2 Location p17 (18-27)
Author Location pl17 (18-27)
Epitope KIRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country Spain
Assay type proliferation, CD8 T-cell Elispot - IFNy,
Flow cytometric T-cell cytokine assay
Keywords HAART, ART, supervised treatment inter-
ruptions (STI), immune dysfunction
References |Plana ef al.|2004
* Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, prob-
ably due to lack of strong T-helper cell responses. Only pa-
tients starting with moderately high viral load (VL) were able
to reduce the VL set point. HIV-1 specific CD8+ T-cell re-
sponses were shown to increase significantly until the end of
the follow up.
* 8/14 patients recognized this epitope.
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HXB2 Location p17 (18-27)
Author Location pl17 (18-27 LAI)
Epitope KIRLRPGGKK
Subtype B
Immunogen
Species (MHC) human (B27)
References |Brander & Walker|1996
* D. Lewinsohn, pers. comm.

HXB2 Location pl17 (18-27)
Author Location pl7 (18-27)
Epitope KIRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (B27)
References |Birk ez al.|1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (18-27)
Author Location Gag
Epitope KIRLRPGGKK
Epitope name KK10
Immunogen HIV-1 infection
Species (MHC) human (B27)
Assay type Other
Keywords rate of progression, escape
References |Gao ez al.|2005b
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Three distinct HLA alleles known to alter the rate of AIDS
progression were studied. B*57-mediated protection occurs
early in infection and the protective effect of this allele sub-
sides after CD4 cell count drops. In contrast, B*27 shows no
protection against progression to CD4<200, but rather delays
progression to an AIDS-defining illness after the CD4 counts
have dropped. B*35-mediated rapid progression to AIDS is
probably a function of early decline in CD4 counts.

* KK10 escape occurs late and was shown to precede a sharp
increase in viral load. The authors hypothesize the B27 benefit
may arise due to enduring HLA restriction after escape from
many other allotype responses has occurred.

HXB2 Location p17 (18-27)
Author Location Gag
Epitope KIRLRPGGKK
Epitope name KK10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B27)
Country Netherlands
Assay type CDS8 T-cell Elispot - IFNy
Keywords computational epitope prediction
References |Schellens et al.l2008

* Peptide prediction programs based on MHC binding, pro-
teasomal cleavage and TAP transport were applied to select
novel epitopes absent from the Los Alamos HIV database. 22
novel epitopes were tested by IFN-gamma ELISpot and 19 (11
HLA-B27 restricted, 8 HLA-B57 restricted) induced strong
positive responses.

* Magnitude of response generated was similar to that of pre-
viously identified epitopes, but the number of individuals re-
sponding was lower. This could be explained by less stringent
HLA-typing of subjects and perhaps high sequence variability
within these novel epitopes.

* KK10(Gag-p17, 18-27), KIRLRPGGKXK, is a known HLA-
B27-restricted epitope used as a positive control for eliciting
CTL IFN-gamma response.

HXB2 Location p17 (18-31)
Author Location p17 (18-31)
Epitope KIRLRPGGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (A3)
References [Birk et alll1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location pl17 (18-31)
Author Location pl17 (18-31)
Epitope KIRLRPGGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (B62)
References [Lubaki ef al.[1997
e 82 HIV-1-specific CTL clones from 5 long-term non-
progressors were isolated and analyzed for breadth of CTL
response.
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* A sustained Gag, Env and Nef response was observed, and
clones were restricted by multiple HLA epitopes, indicating a
polyclonal response.

* A subject who was HLA-B62+ had CTL that recognized this
peptide, and p24 LGLNKIVRMYS, and one additional un-
known epitope.

HXB2 Location p17 (18-32)
Author Location Gag (17-31)
Epitope KIRLRPGGKKKYKLK
Epitope name KK15
Immunogen HIV-1 infection
Species (MHC) human (B*57)

Assay type CDS8 T-cell Elispot - [FNy

Keywords escape

References [Bailey ef al.[|2006b
* Impact of CTL escape mutations in HLA-B57 positive elite
supressors was examined. Escape mutations in B57-restricted
Gag epitopes were present in all viruses derived from plasma
but were lacking in proviruses, suggesting a strong selective
pressure acting upon virus in plasma. IFN-gamma responses
were detected to both wild-type epitopes and mutant plasma
virus epitopes. In some individuals, CD8 IL-2 secretion, rather
than IFN-gamma responses, showed better correlation with
the plasma viral variants.
One subject responded to peptide KK15 which had a K26R
mutation, KIRLRPGGKrKYKLK, in a minority of plasma
virus clones.

HXB2 Location p17 (18-42)
Author Location p17 (1842 IIIB)
Epitope KIRLRPGGKKKYKLKHIVWASRELE
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Jassoy et al.[1992
* Epitope recognized by CTL clone derived from CSF.

HXB2 Location p17 (18-42)
Author Location pl17 (18-42 PV22)
Epitope KIRLRPGGKKKYKLKHIVWASRELE
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Jassoy et al.[1993
 HIV-1 specific CTLs release Y-IFN, and o- and 3-TNF.

HXB2 Location p17 (18-42)
Author Location p17 (18—42 BH10)
Epitope KIRLRPGGKKKYKLKHIVWASRELE
Immunogen HIV-1 infection
Species (MHC) human (B62)
References Johnson ez al.||1991
* Gag CTL response was studied in three individuals.

HXB2 Location p17 (19-27)
Author Location p17 (19-27 JRCSF)
Epitope IRLRPGGKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*2705)
Keywords optimal epitope
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References |Llano et al.2009
* Noted by Brander to be B¥2705.

HXB2 Location p17 (19-27)
Author Location
Epitope IRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (B*2705)
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords binding affinity, immunodominance, optimal
epitope

References |Bihl ez al.[2006
¢ CTL responses were tested for both HIV-1 and EBV derived
epitopes restricted by HLA-A, -B and -C alleles. HLA-B al-
leles more frequently induce detectable responses and that the
responses are generally of greater magnitude than those for
HLA-A and -C alleles.
The magnitude and frequency of CTL recognition were re-
lated to each other and that TCR avidity for HLA/peptide com-
plexes is a more important determinant for magnitude of re-
sponse than peptide binding affinity to HLA.
EBYV response patterns were not significantly altered by HIV
coinfection.
Epitope IRLRPGGKK elicited a magnitude of response of 520
SFC with a functional avidity of 0.5nM.

HXB2 Location pl17 (19-27)
Author Location pl7 (19-27 LAI)
Epitope IRLRPGGKK
Subtype B
Immunogen
Species (MHC) human (B27)
References [Brander & Walker] 1996

HXB2 Location pl17 (19-27)
Author Location pl7 (19-27 JRCSF)
Epitope IRLRPGGKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) scid-hu mouse (B27)
Keywords escape
References McKinney et al.[1999
* Epitope-specific CTL were infused in infected human PBL-
SCID mice, and transient decreases in viral load were ob-
served, however virus was not eradicated and the HIV-specific
CTL rapidly disappeared.
* No escape mutants were observed.
* Control CTL were long lived in both infected and uninfected
mice, showing the rapid loss of CTL was due to target interac-
tion.

HXB2 Location pl7 (19-27)
Author Location pl7 (SF2)
Epitope IRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (B27)
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a
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WEKIRLRPGGKKKYKLK was the target of the dominant
response in Caucasoids (38%) more frequently than non-
Caucasoids (12%) — 2/3 individuals that were B27+ had a
dominant response to this epitope.

Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.

Five peptides RLRPGGKKHYMIKHLVW (pl17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) con-
tained dominant Gag-specific epitopes in 32/37 C-clade in-
fected subjects from South Africa.

HXB2 Location p17 (19-27)
Author Location pl17 (19-27)
Epitope IRLRPGGKK
Immunogen HIV-1 infection
Species (MHC) human (B27)
References |Day ef al.[|2001

HXB2 Location p17 (19-27)
Author Location pl17 (19-27)
Epitope IRLRPGGKK
Epitope name 1K9
Immunogen HIV-1 infection
Species (MHC) human (B27)
Keywords immunodominance, escape
References |Goulder et al.|2001b
» This B27 epitope is generally recognized only if there is es-
cape in the B27 dominant epitope, p24 KRWIILGLNK.

HXB2 Location p17 (19-27)
Author Location Gag
Epitope IRLRPGGKK
Epitope name 1K9
Immunogen HIV-1 infection
Species (MHC) human (B27)
Donor MHC A26, B27
Assay type CDS8 T-cell Elispot - [FNy
Keywords responses in children, rate of progression,
immunodominance, escape
References |[Feeney er al.[2004
* Viral load in a perinatally infected child remained low until

emergence of an escape variant (kTwiilglnk) in the immuno-
dominant CTL epitope KRWIILGLNK when the child was 7.4
years old. The emergence of this escape mutation was fol-
lowed by an increase in viremia and an increase in the number
of targeted CTL epitopes, measured again when the child was
9.2 years old. A low level response to IK9 was the only other
epitope recognized prior to the loss of immune control and
broadening of the response, and was detected in the 7.4 year
sample.

HXB2 Location pl17 (19-27)

Author Location p17 (19-27)

Epitope IRLRPGGKK
Immunogen HIV-1 infection
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Species (MHC) human (B27)
Donor MHC Al, A3, B35, B8
Country United States
Assay type Intracellular cytokine staining, Flow cyto-
metric T-cell cytokine assay
Keywords HAART, ART, escape, variant cross-
recognition or cross-neutralization
References |Casazza et al.|2005
» Evidence of continued viral evolution during HAART therapy
despite low viral load was found in 1/5 patients studied.
e The dominant viral sequence was irlrpggRk, found in 12/15
clones, while the screening sequence IRLRPGGKK was found
in 3/15 clones. The least frequent variant stimulated the
strongest response.
IRLRPGGKK was previously characterized as a B27 opti-
mized epitope, which is a mismatch with patient’s HLA.

HXB2 Location p17 (19-27)
Author Location pl7
Epitope IRLRPGGKK
Epitope name 1K9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B27)
Country United States
Assay type CD8 T-cell Elispot - IFNYy, Tetramer binding,
Flow cytometric T-cell cytokine assay
Keywords superinfection
References |Streeck ef al.|[2008b
* Loss of viral replication control by an elite controller after su-
perinfection was found to coincide with rapid recombination
events in 2, ~50 residue regions of Gag and Env that include
immunodominant epitopes KK10 (KRWIILGLNK) and CL9
(CAPAGFAIL). Viral escape was seen at both epitopes and
consequent CTL responses against the epitope-variants.
e CTL responses to previously described HLA-B27-
restricted IRLRPGGKK, were seen post-superinfection
and -recombination.

HXB2 Location p17 (19-27)
Author Location
Epitope IRLRPGGKK
Immunogen HIV-1 infection, vaccine
Vector/Type: canarypox prime with gp120
boost Strain:  Other HIV component:
gpl160
Species (MHC) human
Donor MHC A3, A33; B15 (63), B27
Assay type CD8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords vaccine-induced epitopes
References |Horton et al.[2006b

e T cell responses during early infection in individuals previ-
ously enrolled in HIV vaccine trials were compared with those
of nonvaccinated subjects.

* None of the breakthrough infections possessed vaccine-
induced T-cell responses preinfection and 85-86% of vacci-
nees and nonvaccinees with primary infection developed T-
cell responses postinfection, indicating that vaccinees’ ability
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to mount T-cell response postinfection is not compromized by
previous immunization.

* Breakthrough subjects recognized 43 T-cell epitopes, 8 of
them novel, and 25% were present in the vaccine.

* This epitope was not contained in the vaccine, the vaccinated
patient recognized it after infection.

HXB2 Location p17 (19-28)
Author Location Gag
Epitope IRLRPGGKKK
Epitope name 1271
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A11, A3, B62)
Donor MHC A03, Al1, B14, B51, Cw08, Cw13
Country United States
Assay type T-cell Elispot
Keywords binding affinity, computational epitope pre-
diction, cross-presentation by different HLA
References \De Groot et al.|[2003
* Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as
MHC supertypes.
 Estimated binding probability for IRLRPGGKKK:43% Pro-
miscuous epitope binding to A03, B62, Bw62 and All.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A*03)
Keywords review, escape
References |Goulder et al.[|1997¢; |Goulder et al.|1997a

* HLA-identical sibling hemophiliac brothers were both in-
fected with the same batch of factor VIIIL.

» They were tested 6-8 years after infection. One had a response
to gag A3 epitope RLRPGGKKK, the other non-responder
carried the sequence RLRPGGKKC.

* |Goulder et al.|[19974a] is a review of immune escape that sum-
marizes this study.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Epitope name RK9
Subtype Al
Immunogen HIV-1 infection
Species (MHC) human (A*03)
Country Kenya
Keywords epitope processing, escape
References |Peters et al.|2008al

HIV Molecular Immunology 2009



Gag p17 CTL/CD8+ epitopes

* Gag sequences from 468 HIV-1 positive sex workers from the
Kenyan Pumwani cohort were analyzed to bioinformatically
identify positively selected residues that could be related to
antigen processing. Mutation effects on disease progression
were followed by mean CD4 counts. This method is also
one way of identifying potential CTL epitopes and classify-
ing them.

* A Gag positive selection map was generated and sites were

classified as beneficial or harmful to HIV. They were corre-

lated to antigen processing (proteasomal cleavage), antigen
presentation (TAP transport efficiency) and T-cell receptor
binding.

pl7 and p24’s structural constraints limited their diversity,

while p7-pl-p6 showed a higher average entropy.

HLA-A*03-restricted epitope, RLRPGGKKK, contained a

positive selection at K28Q i.e. RLRPGGKKq (RQ?9), a proba-

ble proteasome escape variant. 2 possible TAP escape mutants
were seen at R20Q to LRPGGKKK (QK9) and K28Q to RL-

RPGGKKq (RQ9 - see above), both of which had decreased

TAP binding affinity. Mutant RQO9 is also suspected to reduce

recognition of peptide to HLA-A*0301.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*03)
Country Australia, Canada, Germany, United States
Keywords HLA associated polymorphism
References |Brumme ez al.[2008a
* 98 newly infected patients were studied to track early host
HLA and Gag/Pol/Nef epitope immune responses’ association
with viral evolution. Response hierarchies were the same as
those for later infection, and 50% of the most rapidly substi-
tuting epitopes were restricted by protective HLA, e.g. Gag
B*57-associated mutations which were the most rapidly re-
verting upon transmission to a non-B*57-host. While there
are great differences in mutation rates and reversions across
the HIV proteome, most early viral change is driven by im-
mune pressure.
* HLA-driven epitope evolution was seen in 80% of published
CTL epitopes.
* HLA-A*03-associated substitution within optimally defined
epitope RLRPGGKKXK is at position K9, RLRPGGKKk.

HXB2 Location pl17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Keywords optimal epitope
References Llano ez al.|2009
¢ C. Brander notes that this is an A*0301.

HXB2 Location p17 (20-28)
Author Location pl7
Epitope RLRPGGKKK
Immunogen HIV-1 infection
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Species (MHC) human (A*0301)

Keywords acute/early infection

References [Wilson et al.[2000a
* Three individuals with highly focused HIV-specific CTL re-
sponses were studied during acute infection using tetramers —
high frequencies of HIV-1-specific CD8+ T cells were found
prior to seroconversion, and there was a close temporal re-
lationship between the number of circulating HIV-specific T
cells and viral load was also found.
All three patients were B*2705, with HLA alleles: Al,
A30/31, B¥2705, B35; A1, A*0301, B7, B2705; and A*0201,
A*0301, B2705, B39.
ELISPOT was used to test a panel of CTL epitopes that had
been defined earlier and were appropriate for the HLA haplo-
types of the study subjects — 3/3 subjects showed a dominant
response to the B*2705 epitope KRWIILGGLNK.
The subject with A*0201 had a moderately strong response to
SLYNTVATL.
Weak responses were observed to A*301-RLRPGGKKK,
A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the sub-
ject who was HLA A1, A*0301, B7, B*2705.
No acute response was detected to the following epi-
topes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-
AIFQSSMTK, A*301-TVYYGVPVWK, B35-EPIVGAETF,
B35-HPDIVIYQY, B35-PPIPVGEILY, B35-NSSKVSQNY,
B35-VPLRPMTY, B35-DPNPQEV VL.

HXB2 Location p17 (20-28)
Author Location pl17 (20-28 SF2)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
References |Altfeld et al.l2001a

* HIV+ individual AC-06 was tested for reactive overlapping
peptides spanning all HIV-1 proteins in an ELISPOT and was
found to react with 12 peptides from 7 proteins, suggesting
that the breadth of CTL responses are underestimated if ac-
cessory proteins are not included in the study.

* The reactive peptide p17 gag WEKIRLRPGGKKKYK con-
tained two A*0301-restricted epitopes, KIRLRPGGK and
RLRPGGKKK A*0301.

HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Donor MHC Al1, A3, B35, B51
Keywords mother-to-infant transmission
References [Sabbaj ef al.|[2002
» [FNgamma T-cell responses in breast milk of 5 HIV-1 infected
women from the US and 6 from Zambia were tested using Eli-
spot. 11/11 women responded to Gag, 8/11 responded to Pol,
7/11 women to Nef, and 2/5 women to Env peptide pools.
These responses were shown to be primarily due to CD8+
T-cells in one woman, and another woman had cytolytic re-
sponses measured by Cr-release.
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¢ Tetramer analysis of breast milk and peripheral blood samples
of one volunteer showed responses to RLRPGGKKK in both
compartments, 0.65% of CD3+/CD8+ cells in breast milk, and
0.22% of CD3+/CD8+ cells in peripheral blood cells.

* The frequencies of responses in the two compartments dif-
fered, and 2/4 women who responded to epitopes in Nef 101-
205 and Pol 601-710 showed responses in breast milk but no
detectable responses in peripheral blood cells.

HXB2 Location p17 (20-28)
Author Location Gag (20-28)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Donor MHC A*0201, A*0301, B*3501, B*51, Cw*04,
Cw*06
Country United States
Assay type CDS8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining, Chromium-release assay
Keywords escape, acute/early infection, characterizing
CD8+ T cells
References |Bansal e al.|2005
Patients with acute or early infection were shown to pref-
erentially target variable peptides with higher entropy while
those with chronic infection showed responses towards more
conserved peptides with lower entropy. In longitudinally fol-
lowed subjects, responses to variable proteins declined over
time while responses to conserved proteins increased. The de-
cline is suggested to be due to CTL escape.
* rlrpggkkQ escape mutant showed drastically reduced avidity.
The response to this peptide was not apparent until month 20,
by month 32 the escape variant was present.

HXB2 Location p17 (20-28)
Author Location pl7
Epitope RLRPGGKKK
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Donor MHC A*0101, A*0301, B*0801;
A*3101, B*3501, B*3905
Country United Kingdom
Assay type CD8 T-cell Elispot - IFNy, HLA binding
Keywords escape, acute/early infection, variant cross-
recognition or cross-neutralization
References [Milicic er al.l2005
* CTL responses and escape were analyzed in 4 homosexual
couples where blood samples were available within weeks of
estimated transmission. CTL escape variants were often trans-
mitted. When the recipient had the same HLA type as the
donor, CTL escape variants prevented a CTL response to those
epitopes in the recipient. Even when the HLA alleles were dif-
ferent in the transmitting couple, a single escape mutation in
one epitope can abolish CTL recognition of an overlapping
epitope of distinct restriction in the recipient.

A*0201,
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* Certain escape mutations in RLRPGGKKK, rlrpggkkQ, rlrpg-
gkkR and rlrpggkkT, resulted in nearly complete reduction in
binding affinity for A*0301. The form that was transmitted in
one of the donor pairs was rlrpggRkk, and it binds to A*0301
with comparable affinity to RLRPGGKKK. However, an es-
cape variant was on the rise in the donor near the time of trans-
mission, rlrpggRkT, which eventually came to fixation in the
donor, illustrating the importance of the timing of transmis-
sion regarding which variant is transmitted.

A*0301 epitopes RLRPGGKKK and KIRLRPGGK, and
B*0801 epitope GGKKKYRL, overlap. In 1 donor, the
transmitted virus carried the escape form for 2 of these epi-
topes. The double substitution kirlrpggR results in escape
from response in the donor. Similarly, the double substitution
ggRkkyKI results in escape for this epitope.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Donor MHC A*0101, A*0301, B*0801
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords HAART, ART, escape, viral fitness and rever-
sion
References |Asquith ez al.[2006
* In order to reconcile apparent conflicts between a CTL-
protective role as suggested by HLA-1 alleles associated with
different rates of progression to AIDS, and a CTL non-
protective role as suggested by the fact that virus clearance
following ART is not impaired in advanced AIDS, a model is
made that quantifies the efficiency of HIV-1-specific CTLs in
vivo. As a surrogate for the actual rate of CTL-killing of in-
fected cells, the model rests on calculating virus escape rate
for an epitope and subtracting its reversion rate upon trans-
mission to a non-restricting HLA bearing host. It is shown
that CTLs recognizing a single epitope kill only 2% of produc-
tively infected CD4+ cells. The rate of CTL lysis was found to
be significantly faster during primary infection than in chronic
infection. However, the authors suggest that small differences
in CTL lysis rate can translate into large differences in terms
of absolute numbers of infected cells killed, which are likely
to be clinically relevant.
The best estimate of escape rate for this epitope, RLRPG-
GKKK, was found to be 0.032/day, with SE of 0.008.
The K28T substitution conferred escape from CTL responses
of both the RLRPGGKKK and GGKKKYRL epitopes.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Epitope name RLR
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Assay type CDS8 T-cell Elispot - IFNYy, Flow cytometric
T-cell cytokine assay
Keywords rate of progression, TCR wusage, vari-
ant cross-recognition or cross-neutralization,
characterizing CD8+ T cells
References [Turnbull ez al.ll2006
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* Functional cross-reactivity of CD8 responses to HIV-1 epi-
topes restricted by different HLA-alleles was analyzed. It
was shown that epitope-specific responses with the most effi-
cient cross-recognition were strongly associated with delayed
disease progression. Variant-cross recognition efficiency was
linked to the dominant TCRs used for epitope recognition.
Epitopes restricted by the same HLA-allele did not show simi-
lar variant cross-recognition efficiency, suggesting that the rate
of disease progression might be associated with the quality of
responses to certain critical epitopes.

» This epitope, A3-RLR (that has no assoication with acceler-
ated or delayed progression to AIDS) and its natural variants
are not cross-recognized. Its alanine-substituted variants were
extremely inconsistent between individuals showing very effi-
cient or poor cross-reactivity.

HXB2 Location p17 (20-28)
Author Location p17
Epitope RLRPGGKKK
Immunogen
Species (MHC) human (A*0301)
References |Zimbwa et al.ll2007
* E169D is a processing mutation for HLA-B*0702 restricted
SPAIFQSSM (SM9) as well as an epitope variation for HLA-
A*0301 restricted MTKILEPFR (MR9).
¢ CTL recognition of pl7 Gag RLRPGGKKK was detected
post-infection with either wild type (169E) or mutant 169D
HIV-1.

HXB2 Location p17 (20-28)
Author Location Gag (Henan isolate)
Epitope RLRPGGKKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (Al1)
Country China
Assay type CD8 T-cell Elispot - [FNy
References (Gong e al.|[2006
* CTL responses were studied in treated and untreated donors
from China, using Gag peptides from Henan isolate. All pep-
tides were predicted to have A2 or All restriction (two of
the most prominent alleles in Chinese population) and HLA
restriction was further analyzed by CTL recognition in pa-
tients carrying corresponding allele. Among treated donors,
HLA-A2 donors had higher CTL response than than HLA-
A1l donors. Chronically infected untreated individuals had
higher magnitude of CTL response than treated ones.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Goulder et al.|2000c
* Two clonal CTL responses were generated in donor 021-BMC
(HLA A3/3001, B42/-, Cw17/-) against different optimal ver-
sions of this epitope, one nine amino acids long, one ten.
* A previously described optimal A3 epitope overlapping this
region, KIRLRPGGK, was not recognized by CTL from 021-
BMC.
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HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Goulder ez al.|19971
* A control CTL line that reacts with this peptide was included
in the study.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords subtype comparisons
References (Cao et al.|19974
* The consensus peptide of A, B, and D clade viruses is RL-
RPGGKKK.
* The consensus peptide of C clade viruses is RLRPGGKKH
and is equally reactive.

HXB2 Location p17 (20-28)

Author Location pl17 (SF2)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a

* WEKIRLRPGGKKKYKLK was the target of the dominant
response in Caucasoids (38%) more frequently than non-
Caucasoids (12%) — 7/10 that had a dominant response to this
epitope were A3, and 5/7 targeted RLRPGGKKK while 2/7
targeted KIRLRPGGK.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKILK (pl17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptidles RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) con-
tained dominant Gag-specific epitopes in 32/37 C-clade in-
fected subjects from South Africa.

HXB2 Location p17 (20-28)
Author Location p17 (20-28 SF2)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords HAART, ART, acute/early infection
References |Altfeld et all2001b
 Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
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e The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.

Previously described and newly defined optimal epitopes were
tested for CTL response.

Number of HLA-A3+ individuals that had a CTL response to
this epitope broken down by group: 5/7 group 1, 2/4 group 2,
and 2/2 group 3.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords rate of progression, acute/early infection
References |Day et al.[|2001
e The CTL response to optimally defined CTL epitopes re-
stricted by HLA class I A and B alleles in individuals who
coexpressed HLA A2, A3, and B7 was studied in eight HIV-1-
infected subjects, two with acute infection, five with chronic,
and one long-term non-progressor (LTNP)
2 to 17 epitopes were recognized in a given individual, A2-
restricted CTL response tended to be narrow and never dom-
inated the response, and 25/27 epitopes were targeted by at
least one person.
All patients recognized at least 1 A3 epitope, up to 8 A3 epi-
topes, but none was clearly dominant.

HXB2 Location p17 (20-28)

Author Location p17 (20-28)

Epitope RLRPGGKKK

Epitope name RK9
Immunogen HIV-1 infection

Species (MHC) human (A3)
Keywords acute/early infection
References |Goulder et al.[2001b

* Responses to this dominant A3-restricted Gag epitope are
present during the time of decreasing viral load in acute in-
fection.

* Mutations in this epitope were observed in autologous clones
of subjects who were A3-positive with a higher frequency than
those who were A3-negative (P = 0.0002)

» These mutations are being sexually transmitted in adult infec-
tions.

HXB2 Location pl7 (20-28)
Author Location
Epitope RLRPGGKKK
Epitope name Gag-RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Sabbaj et al.|2003
* Among HIV+ individuals who carried HLA A03, 7/20 (35%)
recognized this epitope.
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HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Epitope name A3-RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A3, B7, Cw7
Keywords dynamics, supervised treatment interruptions
(STI), immunodominance, acute/early infec-
tion
References |Yu ez al.[2002a!
CTL responses in 18 acutely HIV-infected HLA-A3 (n=7) or
-B7 (n=4) or both -A3 and B7 (n=7) positive individuals were
studied.
One individual, AC-06 was homozygous at all three class I
alleles (A3, B7, Cw7), was treated during acute infection and
had supervised treatment interruptions (STI). He had only two
detectable CTL responses during acute infection, but after STI
this broadened to 27 distinct epitopes including 15 restricted
by HLA-A3, 11 by HLA-B7, and 1 by HLA-Cw7.
8/14 HLA-A3 positive individuals had detectable A3-
restricted responses during acute infection. Only 5/15 of
HLA-A3 epitopes tested were targeted during acute infection.
7/8 individuals with acute responses had specific responses for
this epitope.
KIRLRPGGK and RLRPGGKKK were the most commonly
recognized HLA-A3 epitopes during acute infection, after 1
year of treatment, and after STI. RLRPGGKKK was immu-
nodominant during acute infection and throughout the study
period in the 5/6 individuals who targeted it.

HXB2 Location p17 (20-28)

Author Location Gag (LAI)
Epitope RLRPGGKKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords class I down-regulation by Nef
References |[Lewinsohn et al.|2002

» CTL kill targets through releasing perforin, that forms pores in
the plasma membrane, and granzymes, that induce apoptosis.
Vpr is capable of arresting infected cells in the G2 phase, and
it was hypothesized that Vpr may inhibit CTL-mediated apop-
tosis because it interacts with the granzyme B molecular com-
plex.
Vpr expression in the target cell did not inhibit epitope spe-
cific lysis — neither perforin or granzyme mediated events were
inhibited, as measured by a Chromium release assay and a
TUNEL assay.
In contrast, deletion of Nef, which is thought to protect pri-
mary HIV infected cells by down-regulating cell-surface ex-
pression of MHC class I complexes, increased the suscepti-
bility of HIV-1 infected cells to CTL mediated killing 2-fold
using the TUNEL assay.

HXB2 Location p17 (20-28)
Author Location pl17
Epitope RLRPGGKKK
Subtype B
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Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC All, A3, B35, B51
Keywords mother-to-infant transmission
References [Sabbaj et al.|2002

* [FNgamma T-cell responses in breast milk of 5 HIV-1 infected
women from the US and 6 from Zambia were tested with us-
ing Elispot. 11/11 women responded to Gag, 8/11 responded
to Pol, 7/11 women to Nef, and 2/5 women to Env peptide
pools. These responses were shown to be primarily due to
CD8+ T-cells in one woman, and another woman had cytolytic
responses measured by Cr-release.

¢ T-cells in breast milk from a volunteer who was HLA A3, Al1,
B35, B51 induced IFNgamma after stimulation with a peptide
that carries known A3 epitope RLRPGGKKK.

* The frequencies of responses in the two compartments dif-
fered, and 2/4 women that responded to epitopes in Nef 101-
205 and Pol 601-710 showed responses in breast milk but no
detectable responses in peripheral blood cells.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A*0201, A3, B44, B57, Cw5, Cw6; Al, A3,
B14, B7, Cw*0702, Cw*0802; Al, A3, B35,
BS8; Al, A3, B62, B8, Cw3, Cw7
Assay type CDS8 T-cell Elispot - IFNy
Keywords acute/early infection, early-expressed pro-
teins
References |Cao et al.|2003

* All proteins were scanned and optimal epitopes were mapped
in a study of CD8+ gamma IFN T-cell responses in 21 men
within 15-92 days post-HIV-1 infection. Subjects initially
showed narrow immune responses with a mean of 2.3 epitopes
recognized per patient. The immune response broadened later
in infection. No correlation between the plasma viral load and
the number of recognized epitopes or the frequency of IFN-
gamma secreting cells was observed, and there was no cor-
relation between the functional avidity of responses and the
abundance of IFN-secreting cells that recognized the epitope.
The first epitopes to be recognized did not tend to be the most
avid, and earliest responses tended to be directed against Nef,
Tat, Vpr, and Env.

» This epitope was recognized in four individuals during early
infection, each time presented by A3.

e All HIV-1 proteins except Vpu were recognized, and re-
sponses to a total of 41 optimal epitopes were characterized;
24 had been identified previously. 48% of the total T-cell
responses were directed against Nef and 43% were directed
against Gag.

* More common HLA alleles were less frequently used in pri-
mary infection than less common alleles, for example A3,
B35, B57, and B62 were more frequently utilized than Al,
A2, A30, and A44.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
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Epitope RLRPGGKKK
Epitope name A3-RK9 Ga9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Assay type CDS8 T-cell Elispot - [FNy
Keywords supervised treatment interruptions (STI), es-
cape, early treatment, superinfection
References |Altfeld e al.[2002a
* An HIV+ individual given acute ARV and undergoing STI de-
veloped a strong CTL immune response, but despite this was
shown to be superinfected with second B clade virus. Some
epitope variants of the second infecting virus were resistant to
the initial CTL response.
* The second infecting strain had the variant rlrpggkkT. The
CTL response declined over time, and the response to the sec-
ond variant was lower than to the first one throughout.

HXB2 Location p17 (20-28)
Author Location pl17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC AO03, A32, B15, B51, Cw03, Cw06, DQ7,
DR4, DR8
Country Netherlands
Assay type CDS8 T-cell Elispot - [IFNy
Keywords rate of progression, escape
References |Geels et al.|2003
* Both stable potential epitopes and epitopes with escape muta-
tions were found in a patient with increasing viral load over a
time period of 4 years. Fixation of escape mutations occured
sequentially and correlated with the rise in viral load and with
the increased number of productively infected cells.
This is one of 5 epitopes from this individual that varied over
time where the internal mutations became fixed; 4/5 epitopes
(all except p17 RLRPGGKKK, this eptiope) showed a dra-
matic decrease in CTL activity against the wild type epitope
as the mutation arose. The rlrpggkkR variant was found at 47
and 120 months post-seroconversion.

HXB2 Location p17 (20-28)
Author Location Gag
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country Netherlands
Assay type CD8 T-cell Elispot - IFNy
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Koning et al.|2004
* A high-risk seronegative group of 29 homosexual men showed
reduced cellular in vitro susceptibility for HIV infection and
enhanced production of RANTES compared to 15 men who
went on to seroconvert. Significantly higher frequencies of
HLA A*11, A*31 and Cw*15 were also found in the high risk
seronegative men. Both groups of men had low frequencies
of HIV-1 specific CD8+ T-cells, which may signify exposure
more than protection from infection.
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* 0/5 HLA A3+ infection-resistant men, and 0/3 pre-
seroconversion men who went on to become infected, reacted
to this epitope.

HXB2 Location p17 (20-28)
Author Location Gag (20-28)
Epitope RPRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3)
Assay type Cytokine production, proliferation, CD8 T-
cell Elispot - IFNy, Tetramer binding, Intra-
cellular cytokine staining, Flow cytometric T-
cell cytokine assay
Keywords HAART, ART, memory cells, characterizing
CD8+ T cells
References |Daniel et al.l2004
¢ CD4+ and CD8+ responses in chronically HIV-1 infected pa-
tients on HAART were weak with decreased polyclonality.
Only 33% of patients had CD4+ T-cells that could proliferate,
and only 22% had HIV-specific CD8+ T-cell responses, and
those rare responses showed low perforin levels and persistent
expression of CD27, indicating incomplete differentiation and
loss of lytic function.

HXB2 Location p17 (20-28)
Author Location p17 (20-28 B consensus)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country United States
Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords immunodominance, escape, acute/early in-
fection, characterizing CD8+ T cells, viral
fitness and reversion
References |Allen ez al.|2004
* KK9 and RK9 overlap, are presented by HLA-A3, and are
frequently immunodominant and involved in acute-phase pri-
mary responses. A mutation in the C-terminal flanking residue
of KK9 (K to Q) (kirlrpkkg-Q) inhibits processing of the im-
munodominant gag KK9 epitope, resulting in rapid decline in
the KK9 specific CD8+ T-cell response. At the same time it
abrogates the response to RK9 through the embedded muta-
tion rlrpggkQk. Transmission of this mutation to patients ex-
pressing HLA-A3 prevents acute-phase response to these epi-
topes, although the mutation can eventually revert to wild-type
allowing a delayed response to the epitope.

HXB2 Location p17 (20-28)
Author Location (B consensus)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A02, A03, B08, B62, Cw10, Cw7; A01, A03,
B08, B14, Cw7, Cw8
Country United States
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Assay type Cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cy-
tometric T-cell cytokine assay

Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cells

References |Lichterfeld ef al.|2004c

» Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T cells secreting both IFN-gamma and
TNF-alpha exhibit stronger cytotoxic activity than those se-
creting only IFN-gamma. These cells also exhibited stronger
intracellular perforin expression. No association between
HIV-1-specific CD8+ T-cell maturation phenotypes and intra-
cellular perforin expression was found.

2/9 individuals recognized this epitope, presented by HLA-
A3.

HXB2 Location p17 (20-28)
Author Location Gag
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Assay type CD8 T-cell Elispot - IFNy
Keywords subtype comparisons, escape, characterizing
CD8+ T cells, viral fitness and reversion
References |Allen et al.2005a
* Two-thirds of all mutations arising in non-envelope proteins
during the transition from acute to chronic infection were
found to be due to either CD8 T-cell-associated selective pres-
sures or reversion of HLA-I-associated mutations selected in a
previous host.The predominance of escape mutations at highly
polymorphic sites was observed across different HIV-1 clades.
* One escape mutation, at position 9, rrlpggkkR, was found in
the most polymorphic residue in the epitope.This was shared
between clades B and C.

HXB2 Location p17 (20-28)
Author Location Gag (20-28 BRU)
Epitope RLRPGGKKK
Subtype B, CRF02_AG
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country Cote D’Ivoire
Assay type CDS8 T-cell Elispot - [FNy
Keywords subtype comparisons
References [Inwoley et al.|[2005
* CD8+ T-cells from HIV-1 CRF02_AGe-infected Ivorians could
recognize clade B epitopes. No difference was observed in the
number of recognized peptide pools between nine French sub-
type B infected study subjects, and nine CRF02_AG infected
Ivorian subjects.
This epitope was recognized by 0/9 CRF02_AG-infected Ivo-
rians, and 2/9 B-infected French subjects.

HXB2 Location p17 (20-28)
Author Location p24
Epitope RLRPGGKKK
Epitope name RK9
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Immunogen
Species (MHC) (A3)

Keywords review, immunodominance, escape,
acute/early  infection, early-expressed
proteins, kinetics, viral fitness and reversion

References |Lichterfeld ez al.[2005
» This review discusses the importance of 3 factors that impact
the selection of immunodominant epitopes in acute HIV in-
fection: i) the kinetics of viral protein expression, ii) the HLA
class I background of the infected individual, and iii) the autol-
ogous sequence of the infecting virus. This is 1 of 12 peptides
listed as immunodominant in acute HIV-1 infection.

HXB2 Location p17 (20-28)
Author Location p17
Epitope RLRPGGKKK
Epitope name A3-RK9(p17)
Immunogen HIV-1 infection
Species (MHC) human (A3)
Assay type CD8 T-cell Elispot - [FNy
Keywords rate of progression, immunodominance,
early-expressed proteins
References |Altfeld et al.[2006
¢ Immunodominant HIV epitopes in early, primary infection of
CTLs were identified and the relative contribution of immune
responses restricted to individual HLA class I molecules were
studied.
* The most frequently recognised epitopes also elicited the
greatest CTL response.
» HIV-1 Epitope sequence variability was not correlated with
immunodominant versus immune sub-dominant responses.
HLA-B57 and HLA-B27 restricted responses were the strong-
est in these early and acute infections - due to dominant re-
sponses to a single epitope in each case (TW10 for B57 and
KK10 for B27).
e In the presence of HLA-B57 and HLA-B27 restricted re-
sponses, the relative contribution of other restricting HLA
dropped greatly.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country United States
Assay type CDS8 T-cell Elispot - IFNy
Keywords binding affinity, subtype comparisons,
acute/early infection
References [Malhotra ef al.l2007b
* T-cell responses to clade B Gag peptides were tested using
sequences based on consensus (CON), most recent common
ancestor (ANC) and center of tree (COT); as well as CON se-
quences from clade A, clade C and M-group Gag. It was found
that Gag-specific cross-clade T-cell IFN-gamma responses are
detectable during primary infection, and there was no signifi-
cant difference in breadth or magnitude of responses with the
different peptide sets. While several epitopes in low diversity
domains are invariant across clades, other recognized variants
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are seen outside HLA anchor positions. T-cell immunity often
tolerates conservative or semi-conservative amino acid substi-
tutions but changes presumed to be in TCR contact sites may
abrogate epitope recognition.

Epitope sequences for this eptiope, RK9 are invariant between
CON B, COT B, ANC B and M-group. Cross-recognition is
seen with both C- and A-clades. Anchor residues are at posi-
tions 2 and 9; while the C-clade variant contains a change at
position 9 to RLRPGGKKh. Typically, magnitude and avid-
ity of binding for T-cell responses were much lower to the
C-clade variant. HLA-AOQ3 restriction was inferred based on
5 subjects possessing appropriate HLA class I allele and prior
publication.

HXB2 Location p17 (20-28)
Author Location
Epitope RLRPGGKKK
Epitope name RK9
Immunogen HIV-1 infection, vaccine
Vector/Type: canarypox, canarypox prime
with recombinant protein boost Strain: B
clade BRU, B clade LAI, B clade MN, mul-
tiple epitope immunogen HIV component:
Gag, gp120, gp41, Nef, Pol, Protease
Species (MHC) human (A3)
Assay type CDS8 T-cell Elispot - IFNYy, Tetramer binding,
Flow cytometric T-cell cytokine assay
Keywords vaccine-induced epitopes, characterizing
CD8+ T cells
References |Horton et al.l2006a

* CD8+ T-cell function induced by HIV-1 immunogens and nat-
ural infection was compared. Natural infections consisted of
early, chronic, and long term nonprogressors.

* B27- and B57-restricted CD8+ T cells from nonprogressors
exhibited greater expansion than those restricted by other al-
leles, providing an explanation for the observed association
between HLA-B27/B57 and control of HIV-1 infection.

HXB2 Location p17 (20-28)
Author Location pl5
Epitope RLRQGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country United States
Assay type CDS8 T-cell Elispot - IFNYy, Tetramer binding,
Flow cytometric T-cell cytokine assay
Keywords characterizing CD8+ T cells
References |Streeck et al.[2008a
¢ T-cells were studied for exhaustion and dysfunction in chronic
HIV infection. Polyfunctionality of CTL immune response
to HIV-1 decreased with persistence of antigen presence over
time in chronic infection. CTL exhaustion can thus be halted
by reduction in viral antigen load - either by ART or through
escape mutations.
* PD-1, marker for activation and apoptosis increases over time,
but it decreases when epitope mutations develop. CD127 how-
ever, is not impacted by viral escape.
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* 3 untreated patients with HIV epitope RLRPGGKKK varia-
tions to RLRPGGKKr, RLRPGGKKt and RLRPGGKKq after
350, 405 and 68 days. In addition, a 4th patient carried variant
RLRqGGrKK which did not alter in time.

* Surprisingly, after first testing, the epitope RLRPGGKKK
went from monofunctional to dual- and triple-functional in
the response it was able to elicit. Previously published HLA-
restriction for RK9 is HLA-A3.

HXB2 Location p17 (20-28)
Author Location Gag
Epitope RLRPGGKKK
Epitope name 1332
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A*0301, A3, B42, B62)
Donor MHC A03, A23, B49, B57; A03, A24, B27, B57,
Cwl13, Cw18; A03, A26, B0S8, B52
Country United States
Assay type T-cell Elispot
Keywords binding affinity, computational epitope
prediction, immunodominance, Cross-
presentation by different HLA
References |De Groot et al.2003
Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as
MHC supertypes.
Estimated binding probability for RLRPGGKKK: 34% Pro-
miscuous epitope binding to A03, A0301, B62,Bw62, B42.
Immunodominant epitope.

HXB2 Location p17 (20-28)
Author Location Gag (20-28)
Epitope RLRPGGKKK
Immunogen peptide-HLA interaction
Species (MHC) (A3, A30, A31, A68)
Assay type HLA binding
Keywords binding affinity, immunodominance
References Racape et al.[2006
Interaction between purified HLA-A3 molecules and several
dominant CD8 epitopes was characterized. Amplitude, stabil-
ity, and kinetic parameters of the interaction between HLA-
A3, peptides, and anti-HLA mAbs were tested.
Epitopes tested bound strongly to HLA-A3 and formed very
stable complexes.
Gag epitope RLRPGGKKK and Nef epitope RLAFHHVAR
complexes with HLA-A3 were not recognized by the Al1.1
mAb specific to HLA-A3 alleles. The proposed explanation
was that Arg at position P1 of the peptide may push the o2
helix residue and affect mAb recognition.

HXB2 Location pl17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human (A3, A30, B42, B62)
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Donor MHC A2, A31, B51, B58w4
Country United States
Assay type Intracellular cytokine staining, Flow cyto-
metric T-cell cytokine assay
Keywords HAART, ART, escape, variant cross-
recognition or cross-neutralization
References |(Casazza et al.|2005

* Evidence of continued viral evolution during HAART therapy
despite low viral load was found in 1/5 patients studied.

* The majority of viral sequences prior to therapy were rlrpg-
gkkQ. At week 14 of therapy a major change in the viral qua-
sispecies occurred: the variants present were found to be rlrpg-
gkkK (14/16 clones) and rlrpggkkR (2/16 clones), both well
recognized by HIV-specific CD8 T cells. At week 19, the qua-
sispecies reverted back to the less well-recognized rlrpggkkQ
variant.

HXB2 Location p17 (20-28)
Author Location pl17 (20-28 SF2, HXBc2/Bal RS)
Epitope RLRPGGKKK
Epitope name RK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3, B7)
Donor MHC A2, A3, B15, B7, Cw3, Cw6; A29, A3, B44,
B7, Cw3, Cw7; A24, A3, B7, B8, Cw7
Country United States
Assay type Cytokine production, Flow cytometric T-cell
cytokine assay, Degranulation, CD107a and
b cell surface mobilization
Keywords supervised treatment interruptions (STI), im-
munodominance, variant cross-recognition
or cross-neutralization, characterizing CD8+
T cells, drug resistance
References |Daucher et al.|2008
* A detailed analysis of 6 chronically infected patients’ CTL re-
sponses to autologous virus was performed after ART and SIT
(structured interruption of therapy). Qualitative responses in-
cluding degranulation and production of IFN-gamma, MIP-
1beta, TNF-alpha, IL-2, but not memory CD27, CD45RO and
CD57 T cells correlated with extended low plasma viremia.
Frequency and breadth of CTL response as well as immune
escape did not influence virological outcome.
One patient exhibited drug resistance mutations K170R (to
NNRTI efavirenz) and D76N, K70R (to NRTIs).
Autologous epitopes were preferentially recognized over opti-
mal, consensus sequences.
Patients with favorable virological outcomes demonstrated
CTL recognition within multiple, conserved regions of Gag
and Nef.
Patients with poor virological outcomes recognized optimal
epitopes with much lower frequencies, though this was not
significant.
HLA-A3 and -B7-restricted epitope, RLRPGGKKK, elicited
aresponse in 3 patients and is found in Gag immunodominant
regions WEKIRLRPGGKKKYKL, WEKIRLRPGGKKKYK
or LDRWEKIRLRPGGKKKYKL. The autologous sequence
in one patient was RLRPGGrKr.
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e In a patient who had one of the lowest viremias, the high-
est frequency of CTL response was to 2 immunodominant re-
gions in Gag containing epitopes KK9 (KIRLRPGGK), RK9
(RLRPGGKKK) and p17 RPGGKKKYK.

HXB2 Location p17 (20-28)
Author Location p17 (20-28)
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human
Keywords immunodominance
References |Betts et al.[2000

e Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.

* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.

e Three of the four individuals that responded to SLYNT-
VATL recognized HIV epitopes, and one individual who was
A*0201, A31 and B51 and B58w4 recognized this epitope
(previously described as HLA A3.1), as well as one other.

HXB2 Location p17 (20-28)
Author Location
Epitope RLRPGGKKK
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A3, A32; B38, B64
Assay type CD8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay

Keywords vaccine-induced epitopes

References |Horton et al.[2006b
o T cell responses during early infection in individuals previ-
ously enrolled in HIV vaccine trials were compared with those
of nonvaccinated subjects.
None of the breakthrough infections possessed vaccine-
induced T-cell responses preinfection and 85-86% of vacci-
nees and nonvaccinees with primary infection developed T-
cell responses postinfection, indicating that vaccinees’ ability
to mount T-cell response postinfection is not compromized by
previous immunization.
Breakthrough subjects recognized 43 T-cell epitopes, 8 of
them novel, and 25% were present in the vaccine.
AAVDLSHFL was recognized by a placebo patient after in-
fection.

HXB2 Location pl7 (20-28)
Author Location
Epitope RLRPGGKKK
Immunogen HIV-1 infection, vaccine
Vector/Type: canarypox Strain: B clade
LAI B clade MN HIV component: Gag-
Pol, gp120, gp41
Species (MHC) human
Donor MHC A*0201, A*0301; B*4501, B*5301
Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords vaccine-induced epitopes
References [Horton ez al.[2006b
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* T cell responses during early infection in individuals previ-
ously enrolled in HIV vaccine trials were compared with those
of nonvaccinated subjects.

None of the breakthrough infections possessed vaccine-
induced T-cell responses preinfection and 85-86% of vacci-
nees and nonvaccinees with primary infection developed T-
cell responses postinfection, indicating that vaccinees’ ability
to mount T-cell response postinfection is not compromized by
previous immunization.

Breakthrough subjects recognized 43 T-cell epitopes, 8 of
them novel, and 25% were present in the vaccine.

This epitope was contained in the vaccine, the vaccinated pa-
tient recognized it after infection.

HXB2 Location p17 (20-29)
Author Location pl17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
References |Brander & Walken|1995
* Unpublished, C. Jassoy and Beatrice Culman, pers. comm.

HXB2 Location p17 (20-29)

Author Location p17 (20-29 LAI)
Epitope RLRPGGKKKY
Subtype B

Immunogen HIV-1 infection
Species (MHC) human (A*0301)
References |Wilkens & Ruhll[1999
e Pers. comm., B. Wilkens and D. Ruhl.

HXB2 Location p17 (20-29)
Author Location p17 (20-29 LAI)
Epitope RLRPGGKKKY
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0301)
Keywords optimal epitope
References |Llano ez al.|2009
* C. Brander notes this is an A*0301 epitope.

HXB2 Location p17 (20-29)
Author Location (C consensus)
Epitope RLRPGGKKHY
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Country South Africa
Assay type CD8 T-cell Elispot - IFNy
Keywords rate of progression, optimal epitope
References Kiepiela ef al.[2007
* A comprehensive analysis of 160 class I T cell responses in
578 individuals from KwaZulu-Natal, South Africa was per-
formed. Gag-specific responses were associated with lowering
viremia, while Env, accessory and regulatory protein-specific
responses were associated with higher viremia.
* RLRPGGKKHY is an optimal epitope.

HXB2 Location pl17 (20-29)
Author Location pl17 (20-29)
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Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (A3)
References |Goulder et al.|2000c
* Two clonal CTL responses were generated in donor 021-BMC
(HLA A3/3001, B42/-, Cw17/-) against different optimal ver-
sions of this epitope, one nine amino acids long, one ten.
* A previously described optimal A3 epitope overlapping this
region, KIRLRPGGK, was not recognized by CTL from 021-
BMC.

HXB2 Location p17 (20-29)
Author Location pl7
Epitope RLRPGGKKKY
Epitope name A3-RY11(pl17)
Immunogen HIV-1 infection
Species (MHC) human (A3)
Assay type CDS8 T-cell Elispot - [IFNy
Keywords rate of progression, immunodominance,
early-expressed proteins
References |Altfeld et al.[2006

* Immunodominant HIV epitopes in early, primary infection of
CTLs were identified and the relative contribution of immune
responses restricted to individual HLA class I molecules were
studied.

* The most frequently recognised epitopes also elicited the
greatest CTL response.

* HIV-1 Epitope sequence variability was not correlated with
immunodominant versus immune sub-dominant responses.

* HLA-B57 and HLA-B27 restricted responses were the strong-
est in these early and acute infections - due to dominant re-
sponses to a single epitope in each case (TW10 for B57 and
KK10 for B27).

e In the presence of HLA-B57 and HLA-B27 restricted re-
sponses, the relative contribution of other restricting HLA
dropped greatly.

HXB2 Location p17 (20-29)
Author Location Gag
Epitope RLRPGGKKKK
Subtype B, F
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country Argentina
Keywords dynamics, escape, HLA associated polymor-
phism
References [Dilernia et al.[2008

* Dynamics of CTL escape mutations was studied theoretically
by analyzing plasma samples from 302 subjects (collected
over 20 years). HLA associated polymorphisms accumulated
in a subtype-specific manner.

e Epitope RLRPGGKKKK with anchor residues at
R(L)RPGGKKK(K) contains polymorphisms RLRPG-
GKKKq and RLRPGGKKXKT, that are strongly supported as
escape by phylogenetic correction.

HXB2 Location p17 (20-29)
Author Location pl7
Epitope RLRPGGKKKK
Epitope name RK9(p17)
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Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country China
Assay type CD8 T-cell Elispot - [FNy
References |Zhai et al.|2008
49 ART-naive chronically HIV-1 infected Chinese subjects’
CTLs were tested with 413 OLPs in IFN-gamma assays, deter-
mining optimal epitopes specific for Chinese Clade B HIV-1
sequences.
An inverse correlation was found between CTL response and
viral load.
Targeted peptides have lower entropy than peptides that are
not CTL targeted. This correlation is independent of HLA-
restriction.
Previously described HLA-A3-restricted epitope RLRPG-
GKKKK elicited an immune response in Chinese HIV-1
positive subjects as part of peptide EKIRLRPGGKKKKYR-
LKHL.
2 of the 3 HLA-A3 carriers responded to the RLRPGGKKKK-
containing peptide with average magnitude of CTL response
of 285 SFC/million PBMC (author communication and Fig.1).

HXB2 Location p17 (20-29)
Author Location pl7
Epitope RLRPGGKKKKY
Epitope name RK10(p17)
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A3)
Country China
Assay type CDS8 T-cell Elispot - [FNy
References [Zhai et al.|2008
49 ART-naive chronically HIV-1 infected Chinese subjects’
CTLs were tested with 413 OLPs in IFN-gamma assays, deter-
mining optimal epitopes specific for Chinese Clade B HIV-1
sequences.
* An inverse correlation was found between CTL response and
viral load.
Targeted peptides have lower entropy than peptides that are
not CTL targeted. This correlation is independent of HLA-
restriction.
Previously described HLA-A3-restricted epitope RLRPG-
GKKKKY elicited an immune response in Chinese HIV-1
positive subjects as part of peptide EKIRLRPGGKKKKYR-
LKHL.
2 of the 3 HLA-A3 carriers responded to RLRPGGKKKKY-
containing peptide with average magnitude of CTL response
of 285 SFC/million PBMC (author communication and Fig.1).

HXB2 Location p17 (20-29)
Author Location pl17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (A3, A30, B42, B62)
Donor MHC A2, A3, B44, B7
Country United States
Assay type Intracellular cytokine staining, Flow cyto-
metric T-cell cytokine assay
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Keywords HAART, ART, escape, variant cross-
recognition or cross-neutralization
References |Casazza et al.l2005
» Evidence of continued viral evolution during HAART therapy
despite low viral load was found in 1/5 patients studied.
* The epitope RLRPGGKKKY was invariant (18/18 sequences)
prior to therapy in the patient that recognized it.

HXB2 Location p17 (20-29)
Author Location p17 (20-29)
Epitope RLRPGGKKKY
Epitope name RY10
Immunogen HIV-1 infection
Species (MHC) human (A30)
Donor MHC A*24, A*30, B*39, B¥47, Cw*12, Cw*17,
A*30, B¥18, B*40, Cw*02, Cw*05
Assay type CD8 T-cell Elispot - [FNy
Keywords responses in children, mother-to-infant trans-
mission, escape, acute/early infection, viral
fitness and reversion
References |Sanchez-Merino et al.[2005
* CD8 T-cell responses were examined in mother-infant pairs.
Escape variants were commonly detected in maternal plasma.
Early infant plasma viruses showed heterogeneity of gag and
nef gene sequences as well as mother-to-child transmission of
CDS8 T-cell escape variants. The stability of escape mutants in
the infant over time was determined by infant HLA haplotype
and viral fitness.
Sequential plasma specimens from infants showed changes in
CDS8 T-cell epitope sequences, suggesting that infants are ca-
pable of generating virus-specific CD8 T-cell responses.
RLRPGGKKKY was recognized in 2 mothers, and is an A*30
epitope. The variant RLRPGGKKqY was found in 9/10 of 1
mother’s sequences. This form was transmitted to her child,
and 10/10 clones were this variant at months 2 and 6 in the
infant; by month 12, 9/10 were RLRPGGKKqY. RLRPG-
GKKrY was the form found in the other mother. The vari-
ant gradually diminished in frequency in her child, 10/10 se-
quences at 2 months, 9/10 at 4 months, and 6/10 at 12 months.

HXB2 Location p17 (20-29)
Author Location p17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (A*0301, A30)
Keywords immunodominance
References [Betts et al.|2000
e Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.
* 95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.
* 1/11 of the A2+ individuals was A30, and one was A3, and
both responded to RLRPGGKKKY.
e The A2+ A3 individual also reacted with two other A3.1 epi-
topes.

HXB2 Location pl17 (20-29)
Author Location pl7 (20-29 IIIB)
Epitope RLRPGGKKKY
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Immunogen HIV-1 infection
Species (MHC) human (B42)
Keywords responses in children, mother-to-infant trans-
mission
References [Wilson et al.[1996
* Epitope defined in the context of the Pediatric AIDS Founda-
tion ARIEL Project, a mother-infant HIV transmission study.
* RLRPGGKKRY, a naturally occurring variant, was found in
non-transmitting mother and is recognized.
* Binds HLA-A3 and Bw62 as well.

HXB2 Location p17 (20-29)
Author Location pl17 (20-29)
Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (B42, B62)
References |Ferrari et al.|2000:
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (20-29)
Author Location pl7 (20-29 LAI)
Epitope RLRPGGKKKY
Subtype B
Immunogen
Species (MHC) human (B62)
Keywords review
References IMcMichael & Walker|1994
* Review of HIV CTL epitopes.
* Also P. Johnson, pers. comm.

HXB2 Location p17 (20-29)

Author Location p17 (20-29)

Epitope RLRPGGKKKY
Immunogen HIV-1 infection
Species (MHC) human (B62)
References [Brodie et al.[2000

* Study tracks and quantifies in vivo migration of neo-marked
CD8+ HIV-specific CTL.

» Adoptively transferred gene-marked HIV-specific CTL homed
to specific lymph node sites, colocalizing within the parafol-
licular regions of the lymph node adjacent to cells expressing
HIV tat-fusion transcripts, indicative of viral replication.

* The CTL clones expressed CCRS5 and localized among
HIV-1 infected cells expressing MIP-1o. and MIP-1, CC-
chemokines produced at sites of viral replication, suggesting a
possible homing mechanism.

* This study provides a methodology for tracking and studying
antigen specific CTL in vivo.

HXB2 Location p17 (20-29)
Author Location Gag (20-29)
Epitope RLRPGGKKKY
Epitope name RY10
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B62)
Donor MHC A*01, A*11, B*08, B*15, Cw*04, Cw*07
Country United States
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Assay type CD8 T-cell Elispot - IFNy, Chromium-
release assay, Flow cytometric T-cell cyto-
kine assay

Keywords escape, variant cross-recognition or cross-
neutralization

References |[Koibuchi ez al.[2005

HIV-1-specific CD8 T-cell responses were persistent in the
chronic phase of HIV-1 infection, although the responses to
some of the epitopes declined despite the persistence of the
targeted sequences in vivo. Only 4/14 epitopes were potential
CTL escape variants, although strong responses to these epi-
topes persisted for 6 years. This indicates limited viral evo-
lution within targeted CD8 T-cell epitopes during the chronic
phase of infection.

The RY10 variant RLRPGGrKKY was the only form of the
epitope detected over a 5 year time period in this person. Eli-
spot reactions were stronger to the autologous form than to
RLRPGGKKKY, the B clade consensus form.

HXB2 Location p17 (20-30)
Author Location pl17 (SF2)
Epitope RLRPGGKKKYK
Immunogen HIV-1 infection
Species (MHC) human
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a
WEKIRLRPGGKKKYKLK was the target of the dominant
response in Caucasoids (38%) more frequently than non-
Caucasoids (12%) — the dominant response in a Haitian immi-
grant living in Boston who was HLA A24/29 B7/B44 Cwo6/7
was to this epitope, although the restricting element was not
determined.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) con-
tained dominant Gag-specific epitopes in 32/37 C-clade in-
fected subjects from South Africa.

HXB2 Location pl17 (20-30)
Author Location Gag (25-35)
Epitope RLRPGGKKHYM
Subtype C
Immunogen HIV-1 infection
Species (MHC) human
Country India
Assay type CD8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords subtype comparisons
References |[Kaushik et al.|[2005
* T cell responses to Gag consensus C peptides were studied in
C-infected patients from India. CD8+ responses were stronger
and broader than CD4+ responses. IFN-y response was higher
in both CD8+ and CD4+ T cells than corresponding IL-2 re-
sponse, that was detectable only in CD4+ T cells.
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* 3/25 patients responded to this peptide (IFN-y CD8+ re-
sponse). An IL-2 response was not detectable.

HXB2 Location p17 (20-31)
Author Location Gag

Epitope RLRPGGKKRYRL

Subtype A, CRF02_AG, CRF01_AE

Immunogen HIV-1 infection
Species (MHC) human
Country Cote D’Ivoire
Assay type CDS8 T-cell Elispot - [FNYy, Other
Keywords subtype comparisons
References |Aidoo et al.|2008

* Factors affecting cross-subtype immunity were evaluated by
west Cote d’Ivoire subjects’ INF-gamma ELISpot responses
to OLPs from a CRF02_AG candidate vaccine, a west Kenyan
subtype A virus and a Thai CRFO1_AE sequence. 15 test
subject sequences were primarily CRF02_AG or CRF02_AG-
like, but also pure subtypes A and D. Cross-reactive responses
to Gag as well as Env peptides were seen, though the response
magnitude to Env was lower, perhaps due to its greater se-
quence variation.
1 subject responded to peptide RLRPGGKKRYRL from sub-
type CRF02_AG, and to peptide RLRPGGKKkKYRL from
subtypes A and CRFO1_AE.

HXB2 Location p17 (20-35)
Author Location p17 (90-105 SF2)
Epitope CLRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman ef al.[1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
* One of these 12 had CTL response to this peptide.
* The responding subject was HLA A-2, A-24, B-13, B-35.

HXB2 Location pl17 (21-35)
Author Location
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (A11, B7)
Donor MHC A2, A32, B44, B7; Al1, A2, B60, B7
Country Australia
Assay type proliferation, CD8 T-cell Elispot - [FNy
Keywords rate of progression
References Dyer et al.[2008
e 13 TAHIV (transfusion acquired HIV) LTNPs were studied
longitudinally for up to 27 years to find correlations and in-
dicators of elite control versus delayed progresson to AIDS.
12 of 13 subjects had one or more host genetic factor that
coincided with LTNP status, but 50% did not remain non-
progressors.
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Immune factors that correlated with LTNP status were very
low HIV viremia (<100 copies/ml) associated with Gag p24
proliferative CD4 response. Decline in p24-induced prolif-
eration strongly preceded loss of non-progression to AIDS.
Strong Gag-specific CTL responses in one sub-cohort were in-
dicative of control while Pol-specific responses were effective
in controlling HIV replication in the other sub-group.

Peptide 6 (NIH ARRP Cat# 7877), LRPGGKKKYKLKHIV,
which contains epitopes restricted by HLA-A11 and -B7 in
different patients elicited the following CTL responses:(1) in
a living non-progressor for 22+ years; (2) in another living
non-progressor for 19+ years.

HXB2 Location p17 (21-35)
Author Location Gag
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (A3)
Keywords TCR usage
References [Weekes et al.l|[1999b
Peptide 703.3: Almost all CD8+ T cells are CD28+ at birth,
and the proportion of CD28-CD8+ cells increases with age —
this study examines the contribution of CD8+CD28- cells to
CTL memory pools for CTL clones specific for two persis-
tent human viruses, CMV and HIV - clones were found to be
similarly distributed in the CD28 depleted cell population.
* HIV CTL responses to 3 Env and 2 Gag peptides were studied.
The clonal composition of the TCR V[ responses was studied
and was found to be highly focused, with one TCR beta-chain
sequence tending to dominate the peptide-specific response —
clones to this epitope were VB13.1 and V5.2.

HXB2 Location p17 (21-35)
Author Location pl17 (21-35)
Epitope LRPGGKKKYKLKHIV
Epitope name Peptide 703.3
Immunogen HIV-1 infection
Species (MHC) human (A3)
Donor MHC A2, A3, B44, B7
Country United Kingdom
Assay type Flow cytometric T-cell cytokine assay, Other
Keywords HAART, ART, immunodominance, TCR us-
age, memory cells
References [Weekes et al.|[2006
¢ The effect of HAART on the population size, phenotype and
function of HIV- and HCMV-specific CTL clones was an-
alyzed. It was determined that the clonal composition of
gag and env HIV-specific CD8 T-cells did not change af-
ter HAART. Following HAART, the size of immunodomi-
nant HIV-specific CD8 T-cell clones was found to diminish
even with the relative preservation of functional memory re-
sponses. Maintainance of such strong functional responses
implied the preferential loss of HIV-specific cells that have re-
duced cloning efficiency in vitro. HCMV-specific CTL clones
had different kinetics and phenotypes than HIV-specific CTL
clones in the same subject.

HXB2 Location pl17 (21-35)
Author Location pl17 (21-35)
Epitope LRPGGKKKYKLKHIV
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Immunogen
Species (MHC) human (BS8)
References INixon & McMichael|[1991
» Two CTL epitopes defined (see also p24(191-205))

HXB2 Location pl17 (21-35)
Author Location pl17 (21-35)
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (BS8)
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords HAART, ART, escape, viral fitness and rever-
sion

References |Asquith ez al.[2006
* In order to reconcile apparent conflicts between a CTL-
protective role as suggested by HLA-1 alleles associated with
different rates of progression to AIDS, and a CTL non-
protective role as suggested by the fact that virus clearance
following ART is not impaired in advanced AIDS, a model is
made that quantifies the efficiency of HIV-1-specific CTLs in
vivo. As a surrogate for the actual rate of CTL-killing of in-
fected cells, the model rests on calculating virus escape rate
for an epitope and subtracting its reversion rate upon trans-
mission to a non-restricting HLA bearing host. It is shown
that CTLs recognizing a single epitope kill only 2% of produc-
tively infected CD4+ cells. The rate of CTL lysis was found to
be significantly faster during primary infection than in chronic
infection. However, the authors suggest that small differences
in CTL lysis rate can translate into large differences in terms
of absolute numbers of infected cells killed, which are likely
to be clinically relevant.
The best estimate of escape rate for this epitope, LRPG-
GKKKYKLKHIV, was found to be -0.001/day (upper bound
on rate of escape = 0.085), with SE of 0.003.
In the subject studied, K26R grew out steadily to 95% fre-
quency, but then there was a progressive re-emergence of the
wild type. If data from all time points were fitted, then the mu-
tant actually had a negative growth rate because it was eventu-
ally out-competed by the wild type.

HXB2 Location pl17 (21-35)
Author Location p17 (21-35)
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (not B8)
References [van Baalen ez al.1996
» Unknown HLA specificity, but not B8.

HXB2 Location pl7 (21-35)
Author Location Gag
Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human
References |Weekes et al.ll[1999a
* Peptide 703.3: Memory CTL specific for HIV-1 may contrib-
ute to oligoclonal expansions within the CD57+ CD28- CD8+
CTL populations.

HXB2 Location p17 (21-35)
Author Location p17 (91-105 SF2)
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Epitope LRPGGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human
References |Lieberman et al.l|]1997a

* Of 25 patients, most had CTL specific for more than 1 HIV-1

protein.
* Twelve subjects had CTL that could recognize vaccinia-

expressed LAI gag.
* One of these 12 had CTL response to this peptide.
» The responding subject was HLA-A1, A2, B50, B57.

HXB2 Location p17 (21-35)
Author Location pl17 (24-31)
Epitope LRPGGKKKYRLKHLV
Subtype A, D
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A*6601, A*6801, B*5301, B*5802;
A*3002, A*6801, B*5703, B*5802
Country Uganda
Assay type CDS8 T-cell Elispot - [IFNy
Keywords subtype comparisons,  variant  cross-
recognition or cross-neutralization
References Barugahare et al.|2005
¢ T-cell immune responses were examined in HIV-1 infected
Ugandans. Similar levels of cross-clade responses for Gag,
Env and Nef were observed. Higher frequencies of responses
in conserved regions were found for Gag within a single clade,
while areas with higher viral sequence variation had fewer de-
tectable responses. Differential interclade sequence homolo-
gies between the Gag regions did not affect the respective level
of cross-clade recognition.
* The sequence contains a known B8 epitope, but the subjects
recognizing it were B8-negative. The autologous viral se-
quence was IrpggkkkyKlkhlv, and the peptide was recognized.

HXB2 Location p17 (21-40)

Author Location p17 (21-40 subtype A)
Epitope LRPGGKKKYRLKHLVWASRE
Subtype A

Immunogen HIV-1 infection
Species (MHC) human (Cw4)
Keywords subtype comparisons
References Dorrell ez al.l|[1999

e CTL responses in three individuals with non-clade B infec-
tions were studied, 2 with subtype A infections, 1 with subtype
C — their infections all originated in East Africa.

» This epitope was defined in an A subtype infection — the B
clade variant (LRPGGKKKYKLKHIVWASRE) has two mu-
tations relative to the A subtype form, and the CTLs from this
patient were not A-B cross-reactive.

HXB2 Location pl7 (22-29)
Author Location Gag (22-29)
Epitope RPGGKKHY
Subtype A, C,D
Immunogen HIV-1 infection

Species (MHC) human (B07, B42)

Country Tanzania
Assay type CD8 T-cell Elispot - [FNYy, Other
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Keywords subtype comparisons, immunodominance
References |Geldmacher er al.l2007a

* 56 ART-naive subjects were studied to assess whether T-cell
responses to Gag and Nef are biased towards infecting sub-
type recognition, in a setting of epidemic consisting of sub-
types A,C and D and their recombinant forms. The infecting
subtype was determined by multi-region hybridization assay.
Overlapping 15-mer isolate-based Gag and Nef peptide sets
representative of local subtypes were used. The best recog-
nized epitope variant in terms of magnitude and breadth corre-
sponded to infecting subtype, in this case usually type-C. Hot
spots of CTL recognition in Gag were in p24, p17 and pl5;
hotspots against Nef were in its central, conserved region.
Epitope variants RPGGKKhY, RPGGKKkY and RPG-
GKKqY were studied as peptide sequences EKIRL-
RPGGKKhY-ML (subtype C), EKIRL-RPGGKKkY-RL (sub-
types A and D) and EKIRL-RPGGKKqY-RM with 12.5% re-
sponders. Subtype A was best recognized. Associated HLAs
frequently expressed within the studied cohort are listed in the
study as BO7, B42.

HXB2 Location p17 (22-30)
Author Location p17 (22-30 SF2, HXBc2/Bal RS)
Epitope RPGGKKKKYK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B7)
Donor MHC A2, A3, B15, B7, Cw3, Cw6; A29, A3, B44,
B7, Cw3, Cw7; A24, A3, B7, B8, Cw7
Country United States
Assay type Cytokine production, Flow cytometric T-cell
cytokine assay, Degranulation, CD107a and
b cell surface mobilization
Keywords supervised treatment interruptions (STI), im-
munodominance, variant cross-recognition
or cross-neutralization, characterizing CD8+
T cells, drug resistance
References |Daucher et al.||2008
* A detailed analysis of 6 chronically infected patients’ CTL re-
sponses to autologous virus was performed after ART and SIT
(structured interruption of therapy). Qualitative responses in-
cluding degranulation and production of IFN-gamma, MIP-
1beta, TNF-alpha, IL-2, but not memory CD27, CD45RO and
CD57 T cells correlated with extended low plasma viremia.
Frequency and breadth of CTL response as well as immune
escape did not influence virological outcome.
One patient exhibited drug resistance mutations K170R (to
NNRTI efavirenz) and D76N, K70R (to NRTIs).
Autologous epitopes were preferentially recognized over opti-
mal, consensus sequences.
Patients with favorable virological outcomes demonstrated
CTL recognition within multiple, conserved regions of Gag
and Nef.
Patients with poor virological outcomes recognized optimal
epitopes with much lower frequencies, though this was not
significant.
HLA-B7-restricted epitope, RPGGKKKKYK, elicited a re-
sponse in 3 patients and is found in Gag immunodominant
regions WEKIRLRPGGKKKYKL, WEKIRLRPGGKKKYK
or LDRWEKIRLRPGGKKKYKL. The autologous sequence
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in one patient was RPGGKKKrYK and in the other 2 was
RPGGKKKKYrT.

e In a patient who had one of the lowest viremias, the high-
est frequency of CTL response was to 2 immunodominant re-
gions in Gag containing epitopes KK9 (KIRLRPGGK), RK9
(RLRPGGKKK) and this epitope p17 RPGGKKKYK.

HXB2 Location p17 (22-30)
Author Location p17 (22-30)
Epitope RPGGKKRYM
Subtype C
Immunogen HIV-1 infection
Species (MHC) human
Country India
Assay type CDS8 T-cell Elispot - [FNy
Keywords subtype comparisons, computational epitope
prediction, immunodominance
References [Thakar et al.J2005
PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade B peptides) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa.
26 epitopes were predicted within reactive peptides, of which
90% were clustered in the conserved immunodominant re-
gions of Gag and Nef.
3 of the epitopes were highly conserved across clades, and 7
novel epitopes were found.
RPGGKKRYM is a novel epitope that may be subtype C-
specific and was putatively restricted by HLA-B*35 and -
Cw*0602 in two different subjects.

HXB2 Location pl17 (22-31)
Author Location Gag (22-31)
Epitope RPGGKKKYML
Subtype A, C,D
Immunogen HIV-1 infection
Species (MHC) human (B*0702, B¥4201)
Country Tanzania
Assay type CD8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining
Keywords rate of progression, immunodominance
References |Geldmacher ez al.l2007b
* The objectives of this study were to find antiviral epitopic
determinants of Gag HIV-specific CTL response and to find
"host HLA-CTL response’ correlations. By studying 56 ART-
naive subjects including low viral load (LVL) responders, the
authors show that subjects expressing the "protective" HLA-
B*0702, -B*5801, and -B*8101 have broader Gag epitope
recognition which may be abrogated if co-expressed with
HLA-B alleles associated with rapid AIDS progression. Also,
a negative linear relation was seen between Gag epitope num-
bers and plasma viral load while a positive relationship was
seen with CD4 T-cell count. Finally, LVL subjects recognized
specific Gag regions at the N- and C-termini of the protein
more often than peptides in the middle of the protein.
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* Epitope RPGGKKKYML, presented by HLA-B*0702 and
B*4201 is strongly associated with LVL. However, the last
position RPGGKKKYMI is highly variable.

HXB2 Location p17 (22-31)

Author Location Gag (22-31)

Epitope RPGGKKRYKL
Immunogen HIV-1 infection
Species (MHC) human (B7)
References Jin ez al.2000b!

» This B7 epitope is one of three subdominant CTL responses
detected in a long-term non-progressor.

* A dominant B7 epitope was defined using conventional meth-
ods, and three additional sub-dominant HLA B7 epitopes were
defined by first using a non-anchor based strategy, EpiMatrix,
to identify 2078 possible epitopes in the autologous HIV-1,
followed by B7 anchor residue prediction to narrow the set to
55 peptides for experimental testing.

HXB2 Location pl17 (22-31)
Author Location pl7
Epitope RPGGKKKYKL
Subtype B, D
Immunogen HIV-1 infection
Species (MHC) human (Cw4)
Donor MHC A23, A34, B44, B53, Cw4, Cw6
Country Democratic Republic of the Congo
Assay type CDS8 T-cell Elispot - [FNy
Keywords subtype comparisons,  variant cross-
recognition or cross-neutralization
References |Geels et al.|2005
Cross-clade CTL responses in 10 non-B HIV-1 infected in-
dividuals were evaluated. T-cell reactivity was tested against
peptide pools of clade B Gag, Pol, Nef, Rev and Tat. Nine
individuals demonstrated cross-reactive T-cell responses to
clade A, B, and C Gag pools; 6/7 patients that responded to
Nef-B also reacted to clade A and C Nef pools. An inverse
correlation was observed between the sequence divergence of
the HLA class I restricted epitopes and the height of the T-cell
responses, which in Gag could be explained through varia-
tions in the HLA-anchor residues. 42% of the responses were
directed to regions containing new epitopes.
This previously described epitope was embedded in a B clade
peptide that was recognized by T-cells from an infected person
carrying subtype D Gag. The autologous epitope sequence had
an K5N change, RPGGnKKYKL.

HXB2 Location p17 (23-34)
Author Location Gag
Epitope PGGKKRYRLKHL
Subtype A, CRFO2_AG
Immunogen HIV-1 infection
Species (MHC) human
Country Cote D’Ivoire
Assay type CD8 T-cell Elispot - IFNY, Other
Keywords subtype comparisons
References |Aidoo et al.[2008
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 Factors affecting cross-subtype immunity were evaluated by
west Cote d’Ivoire subjects’ INF-gamma EliSpot responses to
OLPs from a CRF02_AG candidate vaccine, a west Kenyan
subtype A virus and a Thai CRFO1_AE sequence. Fifteen test
subject sequences were primarily CRF02_AG or CRF02_AG-
like, but also pure subtypes A and D. Cross-reactive responses
to Gag as well as Env peptides were seen, though the response
magnitude to Env was lower, perhaps due to its greater se-
quence variation.

1 subject responded to peptide PGGKKRYRLKHL from sub-
type CRF02_AG and to peptide PGGKKkYRLKHL from sub-
type A.

HXB2 Location p17 (24-31)
Author Location p17 (24-31)
Epitope GGKKKYKL
Epitope name GL8
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*08)
Donor MHC A*6801, AO01, B08, B51, Cw07, Cwl5,
DQ2, DQ3, DR3, DR4
Country United States
Assay type CDS8 T-cell Elispot - IFNYy, Other
Keywords rate of progression, immune evasion
References |[Kemal et al.[2008
An LTNP was followed longitudinally over 6 years and 3 sam-
pling time points, until transition to disease. His HLA were
heterozygous and not associated with nonprogressive infec-
tion, but 3 alleles were associated with poor clinical progno-
sis. No attenuating mutations in initial samplings, but an in-
sertion in the V2 loop and continuing CCRS5 coreceptor use
were found.
A decrease in IFN-gamma response was seen over time,
suggesting CTL dysfunction. An increase in T-cell epi-
topes targeted (e.g. emergence of YL8, YLKDQQLL and
WY20, WKFDSRLAFHHMARELHPEY variants and gain
of response to EL9, EIKDTKEAL, NL10, NSNPDCKTIL,
AK9, AIFQSSMTK, WMS8, WSMVRERM, VT15, WVH-
HTQGYFPDWQNYT) was seen concomitant with disease
progression, reflecting viral replication and/or variants.
HLA-B*08-restricted autologous epitope GGKKKYKL elic-
ited CTL responses at the earliest time point, with a reduction
in response frequency just before disease progression at the
second time point. HLA restriction was predicted in this study
based on the patient’s HLA alleles and previous publication.

HXB2 Location pl7 (24-31)
Author Location p17
Epitope GGKKKYKL
Epitope name GL8
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (B*0801)
Donor MHC A*0101, A*0301, B*0801;
A*3101, B*3501, B*3905
Country United Kingdom
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords escape, acute/early infection, variant cross-
recognition or cross-neutralization

A*0201,
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References Milicic et al.l[2005

» Escape mutation ggRkkyKI in this epitope, GGKKKYRL, re-
sulted in failure of recognition by CTLs, and the ggkkQyRI
mutations resulted in 82% reduction in HLA binding affinity.

* A*0301 epitopes RLRPGGKKK and KIRLRPGGK, and
B*0801 epitope GGKKKYRL, overlap. In 1 donor, the
transmitted virus carried the escape form for 2 of these epi-
topes. The double substitution kirlrpggR results in escape
from response in the donor. Similarly, the double substitution
ggRkkyKI results in escape for this epitope.

HXB2 Location p17 (24-31)
Author Location p17 (24-31)
Epitope GGKKKYRL
Immunogen HIV-1 infection
Species (MHC) human (B*0801)
Donor MHC A*0101, A*0301, B*0801
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords HAART, ART, escape, viral fitness and rever-
sion
References |Asquith et al.[2006

* In order to reconcile apparent conflicts between a CTL-
protective role as suggested by HLA-1 alleles associated with
different rates of progression to AIDS, and a CTL non-
protective role as suggested by the fact that virus clearance
following ART is not impaired in advanced AIDS, a model is
made that quantifies the efficiency of HIV-1-specific CTLs in
vivo. As a surrogate for the actual rate of CTL-killing of in-
fected cells, the model rests on calculating virus escape rate
for an epitope and subtracting its reversion rate upon trans-
mission to a non-restricting HLA bearing host. It is shown
that CTLs recognizing a single epitope kill only 2% of produc-
tively infected CD4+ cells. The rate of CTL lysis was found to
be significantly faster during primary infection than in chronic
infection. However, the authors suggest that small differences
in CTL lysis rate can translate into large differences in terms
of absolute numbers of infected cells killed, which are likely
to be clinically relevant.
The best estimate of escape rate for this epitope,
GGKKKYRL, was found to be 0.032/day, with SE of
0.008.
The K28T substitution conferred escape from CTL responses
of both the RLRPGGKKK and GGKKKYRL epitopes.

HXB2 Location p17 (24-31)
Author Location pl7 (24-31)
Epitope GGKKKYKL
Immunogen
Species (MHC) human (BS)
References (Goulder et al.|1997¢

The crystal structure of this peptide bound to HLA-B8 was
used to predict new epitopes and the consequences of epitope
variation.

The predictions were experimentally confirmed.

The anchors for HLA-B8 epitopes, as defined by peptide elu-
tion data, are P3 (K), P5 (K/R), and P8 (L).

Structural data suggests that a positive charge at P5 is essen-
tial, but that the constraints on P3 may be less severe.
* Small hydrophobic residues at P2 may be favorable for bind-

ing.
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* A spacious F-pocket favors mid-sized hydrophobic residues in
the C-term anchor.

HXB2 Location pl17 (24-31)
Author Location pl17 (24-31 SF2)
Epitope GGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords subtype comparisons
References IMcAdam er al.|[1998
¢ CTL from a patient infected with clade B virus did not recog-
nize Ugandan variants of this epitope.

HXB2 Location p17 (24-31)
Author Location p17 (24-31 LAI)
Epitope GGKKKYKL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords TCR usage
References [Reid ef al.[1996
The variants 7R: GGKKKYRL, 7Q: GGKKKYQL, 5R:
GGKKRYKL, and 3R: GGRKKYKL, were studied.
Crystal structures were obtained to study these peptides in the
context of HLA-B8, and CTL binding and activity were deter-
mined.
3R has been detected in 3 patients, and it abolishes recogni-
tion causing extensive conformational changes upon binding
including MHC main chain movement.
7Q and 7R alter the TCR exposed surface, and retain some
recognition.
Reactivity of 5R depends on the T cell clone, this amino acid
is embedded in the C pocket of B8 when the peptide is bound.
Optimal peptide is 8-mer, not 9-mer, and positions 3, 5, and 8
are the anchor residues.

HXB2 Location pl17 (24-31)
Author Location pl7 (24-31 LAI)
Epitope GGKKKYKL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
References [Price et al.|1997
* A weak CTL response to the index peptide was observed in an
HLA-B8+ infected individual.
» Sequences from the earliest available time point showed that
a variant at position 5, an anchor residue, GGKKQYKL, was
present.

HXB2 Location p17 (24-31)
Author Location pl7
Epitope GGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords HAART, ART
References |Seth et al.[2001
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* CTL responses were studied by tetramer staining in 41 pa-
tients with combination therapy — activated CD8+ T-cells de-
cline as the viral load drops in response to therapy, but the
overall level of antigen-specific cells capable of differentiating
into effectors stays constant and new epitopes may be recog-
nized.

In Figure 4 legend, epitope GGKKKKYKL is printed as
having been used. We chose to record the epitope as
GGKKKYKL seen elsewhere in this paper, as it is more com-
monly annotated as such in the literature.

HXB2 Location pl17 (24-31)
Author Location pl17 (24-31 SF2)
Epitope GGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (BS8)
Keywords HAART, ART, acute/early infection
References |Altfeld et al.J2001b
* Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-B8+ individuals that had a CTL response to
this epitope broken down by group: 0/3 group 1, 1/3 group 2,
and 2/2 group 3.

HXB2 Location p17 (24-31)
Author Location pl7 (24-31)
Epitope GGKKKYRL
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (BS)
Keywords HIV exposed persistently seronegative
(HEPS)
References |Kaul ez al.[2001a
* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

HXB2 Location pl7 (24-31)
Author Location p17 (24-31)
Epitope GGKKKYKL
Immunogen HIV-1 infection
Species (MHC) human (BS8)
References |Day et al.[2001
» B8-restricted CTL accounted for about 1/3 of the total CTL
response in one individual.

HXB2 Location p17 (24-31)
Author Location pl17
Epitope GGKKKYKL
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Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords binding affinity, review, subtype compari-
sons, epitope processing, escape
References [McMichael & Hanke 2002
¢ CTL response-eliciting vaccines are reviewed. The natural
epitope interactions with the HLA class I presenting molecules
and T-cell receptors are described, using the structure of this
epitope, taken from Reid ez al.|[[1996], as an example.

HXB2 Location p17 (24-31)
Author Location (B consensus)
Epitope GGKKKYKL
Epitope name GL8
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
Donor MHC AO01, A03, BO8, B14, Cw7, Cw8
Country United States
Assay type Cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cy-
tometric T-cell cytokine assay
Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cells
References |Lichterfeld ez al.|2004c
» Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T cells secreting both IFN-gamma and
TNF-alpha exhibit stronger cytotoxic activity than those se-
creting only IFN-gamma. These cells also exhibited stronger
intracellular perforin expression. No association between
HIV-1-specific CD8+ T-cell maturation phenotypes and intra-
cellular perforin expression was found.
1/9 individuals recognized this epitope.

HXB2 Location p17 (24-31)
Author Location pl7
Epitope GGKKKYKL
Subtype B, D
Immunogen HIV-1 infection
Species (MHC) human (B8)
Donor MHC A1Al, B55, B8, Cw3, Cw7
Country Democratic Republic of the Congo
Assay type CDS8 T-cell Elispot - [IFNy
Keywords subtype comparisons
References |Geels et al.l2005
¢ Cross-clade CTL responses in 10 non-B HIV-1 infected in-
dividuals were evaluated. T-cell reactivity was tested against
peptide pools of clade B Gag, Pol, Nef, Rev and Tat. Nine
individuals demonstrated cross-reactive T-cell responses to
clade A, B, and C Gag pools; 6/7 patients that responded to
Nef-B also reacted to clade A and C Nef pools. An inverse
correlation was observed between the sequence divergence of
the HLA class I restricted epitopes and the height of the T-cell
responses, which in Gag could be explained through varia-
tions in the HLA-anchor residues. 42% of the responses were
directed to regions containing new epitopes.
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* This previously described epitope was embedded in a B clade
peptide that was recognized by T-cells from an infected person
carrying subtype D Gag. The autologous epitope sequence had
an L8M change, GGKKKYKm.

HXB2 Location pl17 (24-31)
Author Location Gag (24-31 BRU)
Epitope GGKKKYKL
Subtype B, CRF02_AG
Immunogen HIV-1 infection
Species (MHC) human (BS8)
Country Cote D’Ivoire
Assay type CD8 T-cell Elispot - [FNy
Keywords subtype comparisons
References |Inwoley et al.[2005
e CD8+ T-cells from HIV-1 CRF02_AG-infected Ivorians could
recognize clade B epitopes. No difference was observed in the
number of recognized peptide pools between nine French sub-
type B infected study subjects, and nine CRF02_AG infected
Ivorian subjects.
* This epitope was recognized by 1/9 CRF02_AG-infected Ivo-
rians, and 0/9 B-infected French subjects.

HXB2 Location p17 (24-31)
Author Location pl7 (24-31)
Epitope GGKKKYKL
Epitope name GLS
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (BS8)
Donor MHC A*03, A*31, B*08, B*15, Cw*04, Cw*07
Country United States
Assay type CD8 T-cell Elispot - IFNy
Keywords responses in children, mother-to-infant trans-
mission, escape, characterizing CD8+ T
cells, viral fitness and reversion
References [Sanchez-Merino et al.l2005
CD8 T-cell responses were examined in mother-infant pairs.
Escape variants were commonly detected in maternal plasma.
Early infant plasma viruses showed heterogeneity of gag and
nef gene sequences as well as mother-to-child transmission of
CDS8 T-cell escape variants. The stability of escape mutants in
the infant over time was determined by infant HLA haplotype
and viral fitness.
Sequential plasma specimens from infants showed changes in
CDS8 T-cell epitope sequences, suggesting that infants are ca-
pable of generating virus-specific CD8 T-cell responses.
Variant sequence ggRkkykl was present in 10/10 clones from a
B8-positive mother, but decreased to 0/10 clones by 15 months
of age in her B8-negative child.
The variant ggRkkykl was present in 10/10 clones from a B8+
mother, was transmitted to her infant, and present in 10/10
clones at months 2 and 4, but decreased to 0/10 clones by 15
months of age in her B8- child.

HXB2 Location p17 (24-31)
Author Location p17 (24-31 HXB2)
Epitope GGKKKYKL
Epitope name GLS8

Subtype B
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Immunogen HIV-1 infection
Species (MHC) human (B8)
Donor MHC A*0101, A*0201, B*0801, B*50, Cw*0602,
Cw*0701
Assay type CDS8 T-cell Elispot - IFNy
Keywords escape, immune evasion, viral fitness and re-
version, optimal epitope
References |Liu et a//2006b
¢ T-cell immunity and the impact of selection were longitudi-
nally studied in a patient from the time of transmission. New
epitopes were detected at sites that were shown to be under
positive selection. Env was found to be the major target of
CTLs and most of the new epitopes were found here. One
third of the sites examined were associated with epitope es-
cape mutations from CTL. Acquisition of mutations found at
high frequency in the database was suggested to be a result of
reversion of CTL epitopes in the absence of immune targeting.
* Gag epitope GGKKKYKT (p17-31F) presumed escape vari-
ant was transmitted from a B8 positive donor to a B8 negative
recipient. Reversions to GGKKKYKI were found in the recip-
ient.

HXB2 Location p17 (24-31)
Author Location
Epitope GGKKKYKL
Immunogen HIV-1 infection, vaccine
Vector/Type: canarypox prime with gp120
boost Strain: B clade MN HIV compo-
nent: gpl160
Species (MHC) human
Donor MHC Al, A33; B44, B8
Assay type CD8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords vaccine-induced epitopes
References |Horton et al.[2006b

e T cell responses during early infection in individuals previ-
ously enrolled in HIV vaccine trials were compared with those
of nonvaccinated subjects.

* None of the breakthrough infections possessed vaccine-
induced T-cell responses preinfection and 85-86% of vacci-
nees and nonvaccinees with primary infection developed T-
cell responses postinfection, indicating that vaccinees’ ability
to mount T-cell response postinfection is not compromized by
previous immunization.

* Breakthrough subjects recognized 43 T-cell epitopes, 8 of
them novel, and 25% were present in the vaccine.

» This epitope was not contained in the vaccine, the vaccinated
patient recognized it after infection.

HXB2 Location pl7 (24-32)
Author Location pl7 (24-32)
Epitope GGKKKYKLK
Epitope name GK9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*08)
Country Australia, Canada, Germany, United States
Keywords escape, HLA associated polymorphism
References [Brumme ez al.|20082
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* 98 newly infected patients were studied to track early host
HLA and Gag/Pol/Nef epitope immune responses’ association
with viral evolution. Response hierarchies were the same as
those for later infection, and 50% of the most rapidly substi-
tuting epitopes were restricted by protective HLA, e.g. Gag
B*57-associated mutations which were the most rapidly re-
verting upon transmission to a non-B*57-host. While there
are great differences in mutation rates and reversions across
the HIV proteome, most early viral change is driven by im-
mune pressure.

HLA-driven epitope evolution was seen in 80% of published
CTL epitopes.

HLA-B*08-associated substitution within optimally defined
epitope GGKKKYKLK is at positions K3, GGKKKYKLK.
GKO9 has a very low recognition frequency and rate of escape.

HXB2 Location p17 (24-32)
Author Location pl7 (24-32 LAI)
Epitope GGKKKYKLK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*0801)
Keywords optimal epitope
References |Llano ez al.|2009
* C. Brander notes epitope to be presented by B*0801.

HXB2 Location p17 (24-32)
Author Location pl7 (24-32)
Epitope GGKKKYKLK
Epitope name GGK
Immunogen HIV-1 infection
Species (MHC) human (B*0801)
Assay type CDS8 T-cell Elispot - IFNYy, Flow cytometric
T-cell cytokine assay
Keywords rate of progression, TCR usage, vari-
ant cross-recognition or cross-neutralization,
characterizing CD8+ T cells
References [Turnbull ez al.[2006
* Functional cross-reactivity of CD8 responses to HIV-1 epi-
topes restricted by different HLA-alleles was analyzed. It
was shown that epitope-specific responses with the most effi-
cient cross-recognition were strongly associated with delayed
disease progression. Variant-cross recognition efficiency was
linked to the dominant TCRs used for epitope recognition.
Epitopes restricted by the same HLA-allele did not show simi-
lar variant cross-recognition efficiency, suggesting that the rate
of disease progression might be associated with the quality of
responses to certain critical epitopes.
* This epitope, B§-GGK and its alanine-substituted variants are
very weakly cross-recognized and reactive.

HXB2 Location pl7 (24-32)
Author Location pl7 (24-32 LAI)
Epitope GGKKKYKLK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (BS)
References [Sutton ez al.|1993
» Exploration of HLA-BS8 binding motif through peptide elu-
tion.
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HXB2 Location pl17 (24-32)
Author Location p17 (24-32 LAI)
Epitope GGKKKYKLK
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords epitope processing
References [Rowland-Jones et al.l|[1993
¢ Study of an individual with partially defective antigen process-
ing.

HXB2 Location pl17 (24-32)
Author Location pl7 (24-32)
Epitope GGKKKYKLK
Immunogen HIV-1 infection
Species (MHC) human (B8)
References [Klenerman et al.|1994
e Naturally occurring  variants GGKKKYQLK  and
GGKKRYRLK may act as antagonists.

HXB2 Location pl17 (24-32)
Author Location pl17 (24-32)
Epitope GGKKKYKLK
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |[Klenerman ez al.[1995
 Naturally occurring antagonist GGKKKYQLK found in viral
PBMC DNA and RNA.

HXB2 Location p17 (24-32)
Author Location pl17 (24-32)
Epitope GGKKKYKLK
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords escape
References INowak et al.1995
* Longitudinal study of CTL response and immune escape — the
variant GGRKKYKLK binds to HLA-B8 but is not reactive.

HXB2 Location pl17 (24-32)
Author Location pl7 (24-32)
Epitope GGKKKYKLK
Immunogen HIV-1 infection
Species (MHC) human (B8)
References Dyer et al.[1999
* CTL specific responses were measured over a 1.3 to 1.5 year
period in members of the Sydney Blood Bank Cohort (SBBC)
who had been infected with a natural attenuated strain of
HIV-1 that was Nef-defective.
* Some of these patients had prolonged high levels of CTL ef-
fector and memory cells despite low viral load.

HXB2 Location pl17 (24-32)
Author Location pl7
Epitope GGKKKYKLK
Immunogen
Species (MHC) human (B8)
References |Rowland-Jones et al.|1999
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* CTL responses in seronegative highly HIV-exposed African
female sex workers in Gambia and Nairobi were studied —
these women had no delta 32 deletion in CCRS.

* In Gambia there is exposure to both HIV-1 and HIV-2, CTL
responses to B35 epitopes in exposed, uninfected women are
cross-reactive, and the B35 allele seems to be protective.

* HIV-2 sequence: GGKKKYKMK - no cross-reactivity
Phillips et al.|[1991]].

HXB2 Location p17 (24-32)
Author Location pl17 (24-32)
Epitope GGKKKYKLK
Epitope name GGK
Immunogen HIV-1 infection
Species (MHC) human (BS)

Keywords HAART, ART, supervised treatment in-
terruptions  (STI),  immunodominance,
acute/early infection

References |Oxenius et al[2000

* Patients who started therapy at acute HIV-1 infection (three
with sustained therapy, two with limited therapy upon early in-
fection) had strong HIV specific CD4 proliferative responses
and were able to maintain a CTL response even with unde-
tectable viral load — three patients that had delayed initiation
of HAART had no HIV specific CD4 proliferative responses
and lost their CTL responses when HAART was eventually
given and their viral loads became undetectable.

This epitope was recognized by 1/7 study subjects that were
HLA-B8+.

Patient SCI2(HLA Al, B8/39, Cw0701/0702, DR2/3,
DR51/52, DQ2/6) had sustained therapy started during acute
infection and maintained an immunodominant response to
FLKEKGGL throughout and minor responses to GEIYKR-
WII, DCKTILKAL, GGKKKYKLK - GEIYKRWII and
GGKKKYKLK responses were stimulated by a brief period
off therapy.

HXB2 Location pl17 (24-32)
Author Location pl7
Epitope GGKKKYKLK
Epitope name GGK
Immunogen HIV-1 infection
Species (MHC) human (BS)
Keywords HAART, ART, supervised treatment inter-
ruptions (STI)
References |Oxenius et al.[2002b
» Using previously defined epitopes |Oxenius et al| [2000}
2001a] in an IFNgamma elispot assay, 13 chronically HIV-1
infected patients were studied over a period including therapy
with standard treatment interruptions (STI).
» STIs induced increased recognition of CTL epitopes, but there
was no correlation between CTL responses with viral rebound
rates, plateau viral loads, or clearance rates.

HXB2 Location pl7 (24-32)
Author Location p17
Epitope GGKKKYKLK
Epitope name B8-GK9(p17)
Immunogen HIV-1 infection
Species (MHC) human (BS)
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Assay type CDS8 T-cell Elispot - [IFNy
Keywords rate of progression, immunodominance,
early-expressed proteins

References |Altfeld et al.[2006
Immunodominant HIV epitopes in early, primary infection of
CTLs were identified and the relative contribution of immune
responses restricted to individual HLA class I molecules were
studied.
The most frequently recognised epitopes also elicited the
greatest CTL response.
HIV-1 Epitope sequence variability was not correlated with
immunodominant versus immune sub-dominant responses.
HLA-B57 and HLA-B27 restricted responses were the strong-
est in these early and acute infections - due to dominant re-
sponses to a single epitope in each case (TW10 for BS7 and
KK10 for B27).
In the presence of HLA-B57 and HLA-B27 restricted re-
sponses, the relative contribution of other restricting HLA
dropped greatly.

HXB2 Location pl17 (24-32)
Author Location
Epitope GGKKKYKLK
Immunogen
Species (MHC) (B8)
Keywords review, immunodominance, escape, vaccine
antigen design
References |Altfeld & Allen/2006
» This review discusses current literature on particular CTL es-
cape mutations that significantly impair viral fitness and ar-
gues for a concerted effort to identify these targets.
 This epitope is discussed in the context of the hierarchy of rec-
ognized HLA-B8 epitopes during acute infection (recognized
by about 20% of subjects).

HXB2 Location p17 (24-32)
Author Location Gag
Epitope GGKKKYKLK
Epitope name GK9-B08
Subtype B, F
Immunogen HIV-1 infection
Species (MHC) human (B8)
Country Argentina
Keywords HLA associated polymorphism
References [Dilernia e al.|2008
* Dynamics of CTL escape mutations was studied theoretically
by analyzing plasma samples from 302 subjects (collected
over 20 years). HLA associated polymorphisms accumulated
in a subtype-specific manner.
e Known epitope GGKKKYKLK with anchor residues at
GG(K)K(K)YKLK contains polymorphism GGKKKYkLK.
The consensus sequence is GGKKKYRLK.

HXB2 Location p17 (24-35)
Author Location pl7 (25-35 SF2)
Epitope GGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (B8)
Keywords review, immunodominance, escape
References |Goulder ef al.|1997a; |Phillips et al.||[1991

HIV Molecular Immunology 2009

HIV CTL/CD8+ Epitope Tables

* Longitudinal study of CTL escape mutants in people with the
appropriate HLA types — little variation was observed in the
immunodominant B27 epitope, relative to B8 epitopes, which
varied over time.

* (Goulder et al| [1997a] is a review of immune escape that
points out that there may be a protective effect associated
with B27, and that HLA-BS individuals tend to progress more
rapidly than HLA-B27 patients.

HXB2 Location p17 (24-35)
Author Location pl17 (25-35)
Epitope GGKKKYKLKHIV
Immunogen HIV-1 infection
Species (MHC) human (BS)
References |Birk ez al.[1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (25-39)
Author Location
Epitope GKKKYKLKHIVWASR
Immunogen HIV-1 infection
Species (MHC) human (A24, B7)
Donor MHC All1, A2, B60, B7; A2, A32, B44, B7; A2,
A24, B15, B40
Country Australia

Assay type proliferation, CD8 T-cell Elispot - IFNy

Keywords rate of progression

References Dyer er al.|2008
* 13 TAHIV (transfusion acquired HIV) LTNPs were studied
longitudinally for up to 27 years to find correlations and in-
dicators of elite control versus delayed progresson to AIDS.
12 of 13 subjects had one or more host genetic factor that
coincided with LTNP status, but 50% did not remain non-
progressors.
Immune factors that correlated with LTNP status were very
low HIV viremia (<100 copies/ml) associated with Gag p24
proliferative CD4 response. Decline in p24-induced prolif-
eration strongly preceded loss of non-progression to AIDS.
Strong Gag-specific CTL responses in one sub-cohort were in-
dicative of control while Pol-specific responses were effective
in controlling HIV replication in the other sub-group.
Peptide 7 (NIH ARRP Cat# 7878), GGKKYKLKHIVWASR,
which contains epitopes restricted by HLA-B7 and -A24 in
different patients elicited the following CTL responses: (1)
>100 sfc/ million PBMC in a living non-progressor for 19+
years; (2) in another living non-progressor upto 22+ years; and
(3) in a third living non-progressor at 12.1 years, decreasing to
<50 sfc/million PBMC after 21 years.

HXB2 Location pl7 (25-39)
Author Location p17 (25-39)
Epitope GKKKYKLKHIVWASR
Subtype B
Immunogen HIV-1 infection, vaccine
Vector/Type: DNA Strain: B clade HIV

component: Gag Adjuvant:  aluminum
phosphate
Species (MHC) human
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Country United States
Assay type CD8 T-cell Elispot - IFNYy, Other
References [Balamurugan ez al.|2008
* To check whether unsuccessful vaccines may interfere with
normal patient immune response,2 subjects were followed.
The first, 00015, was seronegative while receiving vaccina-
tion, but later contracted infection. The second, 00016, had
temporary sexual contact with subject 00015 and showed
symptoms of disease 2 weeks before him. Without treatment,
both reached low chronic viremic levels, and showed similar
magnitude of immune response.
* Similar immune pressure was seen on viral sequences in both
patients, over time in Gag, Pol, Nef.
Data suggest that the vaccine failed to prime subject 00015
against HIV infection, but it did not impair ability to naturally
contain viremia in comparison with infecting subject 00016.
¢ CTL immune response to consensus sequence GKKKYK-
LKHIVWASR was elicited in subject 00015. Consensus epi-
tope of subject 0015 was the same as Clade B consensus and
of subject 0016 was GKKqYKLKHIVWASR.

HXB2 Location p17 (27-35)
Author Location pl7 (27-35)
Epitope KRYMIKHLV
Subtype C
Immunogen HIV-1 infection
Species (MHC) human
Country India
Assay type CD8 T-cell Elispot - [FNy
Keywords subtype comparisons, computational epitope
prediction, immunodominance
References [Thakar et al.[2005
PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade B peptides) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa.
PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade unspecified) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa.
26 epitopes were predicted within reactive peptides, of which
90% were clustered in the conserved immunodominant re-
gions of Gag and Nef.
3 of the epitopes were highly conserved across clades, and 7
novel epitopes were found.
Epitope KRYMIKHLYV was conserved only across clade C and
was predicted to be restricted by HLA-Cw*0602.

HXB2 Location p17 (28-36)
Author Location (C consensus)
Epitope HYMLKHIVW
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*2301)
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Country South Africa
Assay type CD8 T-cell Elispot - IFNy
Keywords rate of progression, optimal epitope
References |Kiepiela ez al.|2007
* A comprehensive analysis of 160 class I T cell responses in
578 individuals from KwaZulu-Natal, South Africa was per-
formed. Gag-specific responses were associated with lowering
viremia, while Env, accessory and regulatory protein-specific
responses were associated with higher viremia.
* Mutational patterns in the M in the third residue HYM-
LKHIVW are associated with the presence of the HLA pre-
senting molecule in the host.

HXB2 Location p17 (28-36)
Author Location Gag (28-36)
Epitope HYMLKHIVW
Subtype A, C
Immunogen HIV-1 infection
Species (MHC) human (A*2301)
Country Tanzania
Assay type CDS8 T-cell Elispot - IFNYy, Other
Keywords subtype comparisons, immunodominance
References |Geldmacher et al.|2007a
56 ART-naive subjects were studied to assess whether T-cell
responses to Gag and Nef are biased towards infecting sub-
type recognition, in a setting of epidemic consisting of sub-
types A,C and D and their recombinant forms. The infecting
subtype was determined by multi-region hybridization assay.
Overlapping 15-mer isolate-based Gag and Nef peptide sets
representative of local subtypes were used. The best recog-
nized epitope variant in terms of magnitude and breadth corre-
sponded to infecting subtype, in this case usually type-C. Hot
spots of CTL recognition in Gag were in p24, p17 and pl5;
hotspots against Nef were in its central, conserved region.
Epitope variants hYmLKHiVW, kYrLKHIVW and qYr-
LKHIVW were studied as peptide sequences GKK-
hYmLKHiVW-ASR (subtype C), GKK-kYrLKHIVW-ASR
(subtype A) and GKK-qYrLKHIVW-ASR with 21% respon-
ders. Subtype C sequences were recognized best. Associated
HLA frequently expressed within the studied cohort is listed
in the study as A*2301.

HXB2 Location p17 (28-36)
Author Location Gag
Epitope HYMLKHLVW
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*2301)
Country South Africa
Assay type CD8 T-cell Elispot - IFNy
Keywords variant ~ cross-recognition  or  cross-
neutralization
References |Chopera et al.|2008
* Transmission of HIV-1-escape variants from individuals with
protective HLA-B*57/-B*5801 alleles to those without these
alleles was studied to determine if infection with such
replication-deficient mutants offered any advantage to the new
host. Dependency between slower rate of disease progression
in the newly infected subject and protective genotype of the
infecting individual was suggested.
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* HLA-A*2301-restricted epitope HYMLKHLVW, within pep-
tide GKKHYMLKHLVWASREL was able to elicit CTL re-
sponse in 2 wild type virus-carrying subjects.

HXB2 Location p17 (28-36)
Author Location (C consensus)
Epitope HYMLKHLVW
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*2301, A*2402)
Country South Africa
Assay type CDS8 T-cell Elispot - [IFNy
Keywords cross-presentation by different HLA, charac-
terizing CD8+ T cells
References |Kiepiela et al.|2004

* HLA class I restricted CD8+ T-cell responses against HIV-1
were analyzed in African patients. Significantly more re-
sponses were shown to be HLA-B restricted. Viral load, CD4
count, and thus rate of disease progression were also associ-
ated with HLA-B alleles. In addition, the selection pressure
imposed on HIV-1 by HLA-B alleles was shown to be sub-
stantially greater than by other alleles.

» This epitope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epi-
tope in the HIV database. Also, a significantly higher fre-
quency of people in the Durban cohort who reacted with the
peptide had this HLA type.

HXB2 Location pl17 (28-36)
Author Location
Epitope HYMLKHLVW
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*2301, A*2402)
Donor MHC A*2301, B*0801, B*1510, Cw*0701,
Cw*1601
Country South Africa
Assay type CD8 T-cell Elispot - IFNy, Chromium-
release assay
Keywords rate of progression
References Gray et al.[2009
e 47 HIV-1 subtype C infected patients were followed longitudi-
nally to determine whether there was a relation between mag-
nitude and breadth of CTL responses in primary, acute infec-
tion (measured by IFN-gamma ELISpot) and disease progres-
sion (measured as viral load at 12 months). CTL responses to
Nef were dominant (targeting 6 epitopic regions), followed by
responses to Gag, Pol, Rev, Vpr, Env, Vpu, Vif and finally Tat.
e Known epitope HYMLKHLVW is HLA-A*2301 and -
A*2402-restricted. Response to a peptide containing this
epitope was detected in a rapid progressor 12 weeks post-
infection.

HXB2 Location p17 (28-36)
Author Location Gag
Epitope KYKLKHIVW
Subtype B, C
Immunogen HIV-1 infection
Species (MHC) human (A*24)
Country Canada, South Africa
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Keywords escape

References |[Carlson et al.J2008
* A statistical model, the phylogenetic dependency network
(PDN), was developed to differentiate the confounding ef-
fects of codon variation, linkage disequilibrium of HLA alleles
and HIV phylogeny from HLA-associated evolution including
HIV selection by HLA-pressure and codon evolution.
This approach was applied to 2 cohorts of 1144 Gag se-
quences from HIV-infected individuals, generating associa-
tions between HIV codons themselves and codons with HLA
alleles. Results generated predicted escapes that confirmed
that escape kinetics and compensating mutations are consis-
tent across clades. General patterns of covariation and CTL
adaptation were determined. Some clade-based differences
were identified.
HLA-A*24-restricted optimal epitope KYKLKHIVW has a
mutant, resistant form, KYrLKHIVW in clade B consensus
sequences. The clade C susceptible consensus sequence is
KYMLKHIVW.

HXB2 Location pl17 (28-36)
Author Location Gag

Epitope KYMLKHIVW

Subtype C

Immunogen HIV-1 infection
Species (MHC) human (A*24)
Country Canada, South Africa
References |Carlson et al.|2008

* A statistical model, the phylogenetic dependency network
(PDN), was developed to differentiate the confounding ef-
fects of codon variation, linkage disequilibrium of HLA alleles
and HIV phylogeny from HLA-associated evolution including
HIV selection by HLA-pressure and codon evolution.
This approach was applied to 2 cohorts of 1144 Gag se-
quences from HIV-infected individuals, generating associa-
tions between HIV codons themselves and codons with HLA
alleles. Results generated predicted escapes that confirmed
that escape kinetics and compensating mutations are consis-
tent across clades. General patterns of covariation and CTL
adaptation were determined. Some clade-based differences
were identified.
HLA-A*24-restricted epitope KYMLKHIVW is a clade C
optimal epitope. Its clade B equivalent epitope is KYK-
LKHIVW.

HXB2 Location p17 (28-36)
Author Location pl17 (28-36)
Epitope KYKLKHIVW
Epitope name KW9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*24)
Country Australia, Canada, Germany, United States
Keywords escape, HLA associated polymorphism
References |Brumme ez al.[2008a
* 98 newly infected patients were studied to track early host
HLA and Gag/Pol/Nef epitope immune responses’ association
with viral evolution. Response hierarchies were the same as
those for later infection, and 50% of the most rapidly substi-
tuting epitopes were restricted by protective HLA, e.g. Gag
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B*57-associated mutations which were the most rapidly re-
verting upon transmission to a non-B*57-host. While there
are great differences in mutation rates and reversions across
the HIV proteome, most early viral change is driven by im-
mune pressure.

* HLA-driven epitope evolution was seen in 80% of published
CTL epitopes.

* HLA-A*24-associated substitutions within optimally defined
epitope KYKLKHIVW are at positions K1 and K3, kYk-
LKHIVW. KW9 epitope escape frequency (2nd most rapidly
escaping) exceeded its recognition frequency, and could be
due to an overestimation of escape.

HXB2 Location p17 (28-36)
Author Location p17 (28-36 LAI)
Epitope KYKLKHIVW
Subtype B
Immunogen
Species (MHC) human (A*2402)
Keywords optimal epitope
References [Llano et al.[2009
» C. Brander notes that this is an A*2402 epitope.

HXB2 Location p17 (28-36)
Author Location p17 (28-36 SF2)
Epitope KYKLKHIVW
Immunogen HIV-1 infection
Species (MHC) human (A*2402)
References |Ikeda-Moore et al.[1998
» Strong CTL activity to this peptide was detected in 2/3 HIV-
infected individuals who were HLA A24+.
* HLA A24 is very common in Japanese (70% carry it) and is
common globally.
 This epitope was detected by looking for peptides with appro-
priate A24 anchor residues (Y at position 2, carb-term ILF or
W) —16/17 such peptides bound to A24 - KYKLKHIVW was
found to be a naturally processed epitope that elicits a strong
CTL response.

HXB2 Location pl17 (28-36)
Author Location (28-36)
Epitope HYMLKHLVW
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*2402)

Assay type Other

Keywords HLA associated polymorphism

References |Boutwell & Essex|2007
 Publicly available HIV-1 subtype C sequences from South
Africa and Botswana were analyzed, and 94 HLA-associated
amino acid polymorphisms were found. Many polymorphisms
were associated with multiple HLA allele classes. 12% asso-
ciations were negative: association of virus expression of the
consensus amino acid with a specific HLA allele. HLA-B al-
leles accounted for 50% of associations. 19 HLA-associated
polymorphisms were embedded in previously defined epi-
topes.
HYMLKHLVW was a previously defined A*2402 presented
epitope that encompassed an A*24 associated polymorphism,
HYmLKHLVW, in the third position.
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HXB2 Location p17 (28-36)
Author Location pl7
Epitope KYKLKHIVW
Immunogen peptide-HLA interaction

Species (MHC) human (A*2402)
Assay type Tetramer binding
Keywords binding affinity
References |Gillespie ef al.[2007

* MHC can exert a protective effect on HIV-1 disease pro-
gression by the interaction of MHC Class I molecules with
Killer Inhibitory Receptors (KIR) of the innate immune sys-
tem. Here, KIR3DS1, a putative stimulatory receptor and al-
lele of the inhibitory KIR3DLI1, is studied. Bw4 MHC Class
I proteins were implicated in this KIR’s ligand specificity,
but the authors were unable to generate binding of Bw4I1e80
tetramers in complex with epitopes to KIR3DS1 transiently
expressed on 293-T cells, using a panel of HIV-epitopes dif-
fering at p7 and p8.

* This epitope, KYKLKHIVW (MHC Class I restriction,
serotype Bw4) complexed with MHC A*2402 as a tetramer
was unable to bind KIR3DSI1 at 4, 20 and 37C. However,
the A*2402-KYKLKHIVW complex does bind inhibitory
KIR3DL1 subtype KIR3DL1*005.

HXB2 Location p17 (28-36)
Author Location p17 (28-36 LAI)
Epitope KYKLKHIVW
Subtype B
Immunogen
Species (MHC) human (A23)
References |Goulder & Walker| 1999
* P. Goulder, pers. comm.

HXB2 Location p17 (28-36)
Author Location pl17 (28-36 LAI)
Epitope KYKLKHIVW
Subtype B
Immunogen
Species (MHC) human (A24)
References |Brander & Walker|1996
* D. Lewinsohn, pers. comm.

HXB2 Location pl17 (28-36)
Author Location p17 (28-36 SF2)
Epitope KYKLKHIVW
Immunogen HIV-1 infection
Species (MHC) human (A24)
Keywords HAART, ART, acute/early infection
References |Altfeld et al.|2001b
 Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
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* Previously described and newly defined optimal epitopes were
tested for CTL response.

¢ Number of HLA-A24+ individuals that had a CTL response to
this epitope broken down by group: 0/0 group 1, 2/3 group 2,
and 0/0 group 3.

HXB2 Location p17 (28-36)
Author Location p17 (28-36 93TH253 subtype CRFO1)
Epitope KYKLKHIVW
Subtype CRF01_AE
Immunogen HIV-1 infection
Species (MHC) human (A24)
Keywords subtype comparisons
References |Bond et al.[2001
More than half of a cohort of HIV+ female sex workers (FSW)
from Northern Thailand were HLA-A11 positive, and this
study concentrated on A1l epitopes in this group, although
E clade versions of previously defined B-clade A2 and A24
epitopes were also tested.
The only HLA-A24 FSWs tested did not recognize the E clade
version of this epitope KYKMKHLVW, which differs from
the previously defined B clade version by two amino acids,
KYKLKHIVW.

HXB2 Location p17 (28-36)
Author Location p17
Epitope KYKLKHIVW
Epitope name KW9
Immunogen HIV-1 infection
Species (MHC) human (A24)
Donor MHC A2, A24, B38, B60, Cw12, Cw2
Assay type CDS8 T-cell Elispot - [IFNy
Keywords supervised treatment interruptions (STI),
acute/early infection
References [Montefiori et al.J2003
e HIV-1 + patient AC10 underwent early HAART treatment,

which was discontinued 1.5 years later. At this timepoint po-
tent NAb responses against autologous virus were detected.
Treatment interruption initially induced weak CD8+ responses
directed against 5 epitopes. By days 873d and 923d the CTL
response had broadened to target 22 epitopes; of these six were
fully characterized. Eventually the virus escaped the NAD re-
sponse, but escape was not accompanied by arise in viral load,
and the authors suggest the virus was contained by the CTL
response.

HXB2 Location pl7 (28-36)
Author Location pl7 (28-36)
Epitope KYKLKHIVW
Immunogen HIV-1 infection
Species (MHC) human (A24)
Donor MHC A*0201, A*2402, B*52, B75, Cw*03;
A*0207, A*2402, B*46, B*52, Cw*01;
A*2402, A*26, B*¥07, B*5101, Cw*07
Country Japan
Assay type Chromium-release assay
Keywords epitope processing, escape
References [Yokomaku ez al.[2004
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* Epitope variants escaped from being killed by CTLs in an
endogenous expression system although they were recog-
nized when corresponding synthetic peptides were exoge-
nously loaded onto the cells. Escape is thus probably due to
changes that occur during the processing and the presentation
of epitopes in infected cells.

Epitope variants recognized when added exogenously but
not when processed endogenously were: kyRIkhLvw, RyR-
IkhLvw and QyRIkhivw.

HXB2 Location p17 (28-36)
Author Location p17 (28-36)
Epitope KYKLKHIVW
Epitope name QW9
Immunogen HIV-1 infection
Species (MHC) human (A24)
Donor MHC A*24, A*30, B*¥39, B*¥47, Cw*12, Cw*17;
A*23, A*24, B*07, B¥39, Cw*12, Cw*17
Country United States
Assay type CDS8 T-cell Elispot - [FNy
Keywords responses in children, mother-to-infant trans-
mission, escape, acute/early infection, viral
fitness and reversion
References |Sanchez-Merino et al.l2005
* CD8 T-cell responses were examined in mother-infant pairs.
Escape variants were commonly detected in maternal plasma.
Early infant plasma viruses showed heterogeneity of gag and
nef gene sequences as well as mother-to-child transmission of
CDS8 T-cell escape variants. The stability of escape mutants in
the infant over time was determined by infant HLA haplotype
and viral fitness.
Sequential plasma specimens from infants showed changes in
CDS8 T-cell epitope sequences, suggesting that infants are ca-
pable of generating virus-specific CD8 T-cell responses.
qYKLKHIVW is an escape variant of the A*24 epitope KYK-
LKHIVW, found in 9/10 clones from the mother. It was trans-
mitted to her infant, and persisted for 15 months. Both the
mother and child are A*24+.
qYKLKHIVW elicted lower responder cell frequencies than
KYKLKHIVW.

HXB2 Location p17 (28-36)
Author Location pl17
Epitope KYKLKHIVW
Epitope name A24-KW9(p17)
Immunogen HIV-1 infection
Species (MHC) human (A24)
Assay type CD8 T-cell Elispot - IFNy
Keywords rate of progression, immunodominance,
early-expressed proteins
References [Altfeld er al.|2006
* Immunodominant HIV epitopes in early, primary infection of
CTLs were identified and the relative contribution of immune
responses restricted to individual HLA class I molecules were
studied.
* The most frequently recognised epitopes also elicited the
greatest CTL response.
* HIV-1 Epitope sequence variability was not correlated with
immunodominant versus immune sub-dominant responses.
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e HLA-B57 and HLA-B27 restricted responses were the strong-
est in these early and acute infections - due to dominant re-
sponses to a single epitope in each case (TW10 for BS7 and
KK10 for B27).

e In the presence of HLA-B57 and HLA-B27 restricted re-
sponses, the relative contribution of other restricting HLA
dropped greatly.

HXB2 Location p17 (28-36)
Author Location
Epitope KYKLKHIVW
Immunogen HIV-1 infection
Species (MHC) human (A24)
Country United States
Assay type CDS8 T-cell Elispot - [FNy
Keywords supertype, cross-presentation by different
HLA

References |[Frahm et al.[2007b
100 HIV-infected subjects were tested for response to
optimally-defined CTL epitopes regardless of the subject’s
HLA type. Half of all detected responses were seen in the ab-
sence of the originally reported restricting HLA class I allele,
and only 3% of epitopes were recognized exclusively in the
presence of their original allele. Statistical and experimental
methods were used to define additional HLA alleles associated
with the epitopes.
In addition to its known HLA association (A24), an additional
HLA (A23) was statistically predicted to be associated with
this epitope.

HXB2 Location p17 (28-36)

Author Location Gag

Epitope KYKLKHIVW
Epitope name KW9-A24
Subtype B, F
Immunogen HIV-1 infection
Species (MHC) human (A24)

Country Argentina

Keywords dynamics, escape, HLA associated polymor-

phism

References [Dilernia et al.[2008

* Dynamics of CTL escape mutations was studied theoretically
by analyzing plasma samples from 302 subjects (collected
over 20 years). HLA associated polymorphisms accumulated
in a subtype-specific manner.

e Known epitope KYKLKHIVW with anchor residues at
K(Y)KLKHIV(W) contains polymorphism KYKLKHIVW
which is moderately supported as escape by phylogenetic cor-
rection. Mutations in this position increased in time and KYr-
LKHIVW became a consensus.

HXB2 Location pl17 (28-36)
Author Location p17 (728-736 subtype A)
Epitope KYRLKHLVW
Subtype A
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (Cw4)
Keywords HIV exposed persistently seronegative
(HEPS), immunodominance
References [Kaul ez a/J2001a’
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* ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.

43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the du-
ration of viral exposure.

Among HLA-Cw4 women, 2/2 HEPS and 7/11 HIV-1 infected
women recognized this epitope.

The dominant response to this HLA allele was to this epitope
in both of the 2/2 HEPS cases and in 3 of the 7/11 HIV-1
infected women.

HXB2 Location p17 (28-36)
Author Location p17 (28-36)
Epitope KYRLKHLVW
Immunogen HIV-1 infection
Species (MHC) human (Cw4)
References |Appay ef al.[2000

* This epitope is newly defined in this study.

* Combined tetramer and intracellular cytokine staining was
used to study the function of circulating CD8+ T cells specific
for HIV and CMV.

* HIV-specific CD8+ T cells expressed lower levels of perforin
than CMV-specific CD8+ T cells from the same donor, and
this was associated with persistent CD27 expression on HIV-
specific cells, suggesting impaired maturation.

 In most donors, between 50% and 95% of the activated virus-
specific CD8+ T cells produced IFN-y and MIP-1§ with a dis-
tinct subset that failed to produce TNF-o.

HXB2 Location pl17 (28-36)
Author Location
Epitope KYRLKHLVW
Immunogen HIV-1 infection
Species (MHC) human
Keywords HIV exposed persistently seronegative
(HEPS)
References [Kaul ef al.|2001c
* This study examines CTL responses in HIV exposed, persis-
tently seronegative individuals, HEPS, who eventually sero-
converted — 11/114 HEPS Nairobi sex workers eventually se-
roconverted, and for six of these HIV CTL reactive epitopes
had been defined while seronegative.
The epidemiological factor associated with seroconversion
was stopping sex work. HIV-specific CTL activity declined
when HEPS sex workers stopped working for a period or re-
tired.
This epitope was recognized in 1/22 HEPS sex worker con-
trols (ML1573).

HXB2 Location pl7 (28-36)
Author Location Gag (28-36)
Epitope HYMLNHIVW
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Subtype A, C,D
Immunogen HIV-1 infection
Species (MHC) human
Country Tanzania
Assay type CD8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining

Keywords rate of progression, immunodominance

References |Geldmacher ez al.l2007b
The objectives of this study were to find antiviral epitopic
determinants of Gag HIV-specific CTL response and to find
"host HLA-CTL response’ correlations. By studying 56 ART-
naive subjects including low viral load (LVL) responders, the
authors show that subjects expressing the "protective" HLA-
B*0702, -B*5801, and -B*8101 have broader Gag epitope
recognition which may be abrogated if co-expressed with
HLA-B alleles associated with rapid AIDS progression. Also,
a negative linear relation was seen between Gag epitope num-
bers and plasma viral load while a positive relationship was
seen with CD4 T-cell count. Finally, LVL subjects recognized
specific Gag regions at the N- and C-termini of the protein
more often than peptides in the middle of the protein.
Epitope HYMLNHIVW is overrepresented for recognition
within the LVL group. However, this immunodominant epi-
tope is most variable of all.

HXB2 Location p17 (28-36)
Author Location Gag
Epitope HYMLKHLVW
Subtype B, C, Al
Immunogen HIV-1 infection
Species (MHC) human
Country Sweden
Assay type CDS8 T-cell Elispot - IFNy
Keywords computational epitope prediction,
cross-recognition or cross-neutralization
References [Pérez et al.|2008
Bioinformatic prediction using NetCTL 1.0, Episelect and
NetMHCpan generated 184 CTL epitopes from Gag, Pol, Nef,
Env and Tat in HIV subtypes A, B, C, D and CRFO1_AE, re-
stricted by MHC A1, A2, A3, A24, B7, B44 and B58. 45 of
the 114 epitopes recognized experimentally in subjects were
novel, and an elite subgroup comprising 21 epitopes were rec-
ognized by at least 13% of patients tested.
* Response magnitude was high—Gag and Nef, Env, Tat (in de-
scending order). While Gag, Pol, Env and Nef were highly
immunogenic, only 38% Tat epitopes elicited a response.
4 patterns of cross-subtype recognition found were (a) con-
served epitopes recognized by patients infected with several
HIV subtypes (b) infrequently found reference epitopes rec-
ognized by patients infected with several HIV subtypes (c)
epitopes more prevalent in certain subtypes recognized by
patients infected with several subtypes (d) rarely, subtype-
specific epitopes unable to elicit cross-clade recognition
Broadly immunogenic epitope HYMLKHLVW, had subtype
variants that were recognized by less than half its patient re-
sponders. HLA supertype restriction was predicted to be su-
pertype A24.

variant

HXB2 Location pl17 (28-36)
Author Location pl7
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Epitope KYRLKHLVW
Epitope name KW9(p17)
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Country China
Assay type CDS8 T-cell Elispot - [FNy
Keywords variant  cross-recognition  or
neutralization
References |Zhai et al.|2008
49 ART-naive chronically HIV-1 infected Chinese subjects’
CTLs were tested with 413 OLPs in IFN-gamma assays, deter-
mining optimal epitopes specific for Chinese Clade B HIV-1
sequences.
An inverse correlation was found between CTL response and
viral load.
Targeted peptides have lower entropy than peptides that are
not CTL targeted. This correlation is independent of HLA-
restriction.
Author defined epitope KYRLKHLVW elicited an immune
response in Chinese HIV-1 positive subjects as part of pep-
tide GKKKYRLKHLVWASREL. This epitope differs from
the previously described HLA-A24-restricted epitope , KYK-
LKHIVW, at 2 residues, KYTLKHIVW.
6 of the 30 HLA-A24 carriers responded to KYrLKHIVW-
containing peptide with average magnitude of CTL response
of 179 SFC/million PBMC (author communication and Fig.
D).

HXB2 Location pl17 (28-38)
Author Location Gag (33-43)
Epitope HYMLKHLVWAS
Subtype C
Immunogen HIV-1 infection
Species (MHC) human
Country India
Assay type CDS8 T-cell Elispot - IFNYy, Flow cytometric
T-cell cytokine assay
Keywords subtype comparisons
References |[Kaushik ez al.l2005
* T cell responses to Gag consensus C peptides were studied in
C-infected patients from India. CD8+ responses were stronger
and broader than CD4+ responses. IFN-y response was higher
in both CD8+ and CD4+ T cells than corresponding IL-2 re-
sponse, that was detectable only in CD4+ T cells.
* 1/25 patients responded to this peptide (IFN-y CD8+ re-
sponse). An IL-2 response was not detectable.
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HXB2 Location p17 (32-46)
Author Location pl17
Epitope KHIVWASRELERFAV
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Country Barbados, Haiti, United States
Assay type CD8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining
Keywords binding affinity, immunodominance
References |[Frahm ez al./2004
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¢ To identify HLA-independent immunodominant regions in
HIV clade B across different ethnicities, the authors analyzed
CTL responses to HIV in African-American (AA), Caucasian
(C), Hispanic (H) and West Indian (WI) cohorts, and analyzed
factors infuencing immune dominance. Host HLA-A11 and -
A2S5 distributions differed among ethnicities significantly. The
virus regions most targeted by CTLs in breadth and magnitude
were in Gag, Nef and Int proteins (Nef-76, most targeted). Pro
was the least targeted. 88% of peptides across the entire HIV
sequence elicited CTL responses. 6 peptides tested were most
differentially targeted between ethnicities. 3 frequently tar-
geted and 10 highly CTL-reactive regions across all 4 ethnici-
ties were noted for vaccine design purposes.

Suppressive treatment rather than treatment itself was found to
diminish CTL responses, whose breadth and magnitude cor-
relates with CD4 count and not viral load. Factors found to
determine peptide recognition by CTLs were (i) conserved
peptides displaying low entropy (ii) low fraction of forbid-
den amino acids and (iii) high proteasomal cleavage score,
confirming previous informatic studies [Yusim et al. J.Virol.
76:8757-68 (2002)]. These 3 variables did not correlate with
each other but an inverse trend was seen between cleavage
score and entropy.

In addition, since all ethnicities were able to mount CTL re-
sponses to every HIV protein and only <12% of peptides were
not recognized by any subject, the consensus sequence-based
approach to vaccine design is substantiated.

This immunodominant, frequently targeted overlapping pep-
tide, KHIVWASRELERFAV, had an overall frequency of
recognition of 16.7% - 23.7% AA, 19.2% C, 9.1% H, 4.8%
WL

HXB2 Location pl17 (33-41)
Author Location pl17 (33-41)
Epitope HLVWASREL
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (Cw*0602)
Country India
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons, computational epitope
prediction, immunodominance
References [Thakar et al[2005

* PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade B peptides) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa.

* 26 epitopes were predicted within reactive peptides, of which
90% were clustered in the conserved immunodominant re-
gions of Gag and Nef.

* 3 of the epitopes were highly conserved across clades, and 7
novel epitopes were found.

* HLVWASREL is a novel predicted epitope with >80% con-
servation to subtype A, that is shown to be restricted by HLA-
Cw*0602.

HXB2 Location pl7 (33-41)
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Author Location pl17
Epitope HLVWASREL
Epitope name HL-9
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (Cw*0804)
Country South Africa
Assay type CDS8 T-cell Elispot - IFNy, CD4 T-cell Eli-
spot - IFNYy, Intracellular cytokine staining,
Chromium-release assay
Keywords subtype comparisons, epitope processing,
immunodominance, cross-presentation by
different HLA
References [Masemola et al.|2004b
* Highly targeted regions in Gag for CD8+ T-cells were defined
for individuals with C clade infections in South Africa. 9 spe-
cific epitopes within the most reactive regions were charac-
terized. This is 1 of 5 novel epitopes that were found among
subtype C HIV-1 from African patients who hadn’t previously
been identified in B clade infections. Some epitopes were
shown to be promiscuous, presented by multiple class I re-
stricting alleles.
HLVWASREL was presented by Cw*08 and newly identified
in this study; Cw*08 is slightly more common in Zulus than
Caucasians (0.066 versus 0.038).

HXB2 Location pl17 (33-41)
Author Location
Epitope HLVWASREL
Immunogen
Species (MHC) human (Cw*0804)
Keywords optimal epitope
References |Llano ez al.|2009
* C. Brander notes that this is an Cw*0804 epitope.

HXB2 Location p17 (34-43)
Author Location Gag (Henan isolate)
Epitope TVWASRELER
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A11)
Country China
Assay type CDS8 T-cell Elispot - [FNy
References (Gong et al.| 2006
* CTL responses were studied in treated and untreated donors
from China, using Gag peptides from Henan isolate. All pep-
tides were predicted to have A2 or All restriction (two of
the most prominent alleles in Chinese population) and HLA
restriction was further analyzed by CTL recognition in pa-
tients carrying corresponding allele. Among treated donors,
HLA-A2 donors had higher CTL response than than HLA-
A1l donors. Chronically infected untreated individuals had
higher magnitude of CTL response than treated ones.

HXB2 Location pl7 (34-44)
Author Location p17
Epitope LVWASRELERF
Epitope name LF-11
Subtype C
Immunogen HIV-1 infection
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Species (MHC) human (A*3002, B*¥570301)
Country South Africa
Assay type CD8 T-cell Elispot - IFNy, CD4 T-cell Eli-
spot - IFNYy, Intracellular cytokine staining,
Chromium-release assay
Keywords subtype comparisons, epitope processing,
immunodominance, cross-presentation by
different HLA
References [Masemola et al.|2004b
Highly targeted regions in Gag for CD8+ T-cells were defined
for individuals with C clade infections in South Africa. 9 spe-
cific epitopes within the most reactive regions were charac-
terized. This is 1 of 5 novel epitopes that were found among
subtype C HIV-1 from African patients who hadn’t previously
been identified in B clade infections. Some epitopes were
shown to be promiscuous, presented by multiple class I re-
stricting alleles.
LVWASRELERF was clearly presented by both A*3002 and
B*570301, it might also be cross-presented by A*3001, but
not as effectively. A*30 is 10-fold more common among
Zulus than Caucasians (allele frequency 0.195 versus 0.019),
while B*57 is similar (0.051 versus 0.043).

HXB2 Location pl17 (34-44)
Author Location pl7 (34—44)
Epitope LVWASRELERF
Immunogen
Species (MHC) human (A30)
Keywords optimal epitope
References [Llano et al.[2009
» C. Brander notes that this is an A30 epitope.

HXB2 Location p17 (34-44)
Author Location p17
Epitope LVWASRELERF
Epitope name LF11(p17)
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A30)
Country China
Assay type CDS8 T-cell Elispot - IFNy
References [Zhai et al.|2008

* 49 ART-naive chronically HIV-1 infected Chinese subjects’
CTLs were tested with 413 OLPs in IFN-gamma assays, deter-
mining optimal epitopes specific for Chinese Clade B HIV-1
sequences.

* An inverse correlation was found between CTL response and
viral load.

» Targeted peptides have lower entropy than peptides that are
not CTL targeted. This correlation is independent of HLA-
restriction.

* Previously described HLA-A30-restricted epitope LVWAS-

RELEREF elicited an immune response in Chinese HIV-1 pos-

itive subjects as part of peptide KHLVWASRELERFAV.

1 of the 15 HLA-A30 carriers responded to LVWASRELERF-

containing peptide with a magnitude of CTL response of 260

SFC/million PBMC (author communication and Fig.1).

HXB2 Location pl7 (34-44)
Author Location (C consensus)
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Epitope LVWASRELERF
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B*5703)
Country South Africa
Assay type CDS8 T-cell Elispot - [FNy
Keywords rate of progression, optimal epitope
References |Kiepiela et al.|2007
* A comprehensive analysis of 160 class I T cell responses in
578 individuals from KwaZulu-Natal, South Africa was per-
formed. Gag-specific responses were associated with lowering
viremia, while Env, accessory and regulatory protein-specific
responses were associated with higher viremia.
* LVWASRELEREF is an optimal epitope.

HXB2 Location p17 (34-44)
Author Location (C consensus)
Epitope LVWASRELERF
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B57)
Country South Africa
Assay type CDS8 T-cell Elispot - [FNy
Keywords characterizing CD8+ T cells
References [Kiepiela ez al.[2004
HLA class I restricted CD8+ T-cell responses against HIV-1
were analyzed in African patients. Significantly more re-
sponses were shown to be HLA-B restricted. Viral load, CD4
count, and thus rate of disease progression were also associ-
ated with HLA-B alleles. In addition, the selection pressure
imposed on HIV-1 by HLA-B alleles was shown to be sub-
stantially greater than by other alleles.
This epitope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epi-
tope in the HIV database. Also, a significantly higher fre-
quency of people in the Durban cohort who reacted with the
peptide had this HLA type.

+
o«
@)
O
-
-
O

HXB2 Location p17 (36-44)
Author Location pl7 (3543 LAI)
Epitope WASRELERF
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*3501)
References |Goulder ez al.[1997d
* Optimal epitope defined from within
LKHIVWASRELERFA.
* Dominant CTL response in an HIV+ asymptomatic donor was
to this epitope.
* The Phe in the C-term anchor is distinct from the previously-
defined Tyr for B*3501 C-term anchors.

p17(30-44),

HXB2 Location p17 (36-44)
Author Location pl7 (3644 LAI)
Epitope WASRELERF
Subtype B
Immunogen
Species (MHC) human (B*3501)
Keywords optimal epitope
References |Goulder et al.[1997b; [Llano et al.|[2009
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» C. Brander notes this is a B¥3501 epitope.

HXB2 Location p17 (36-44)
Author Location pl7 (36-44)
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
References [Birk et al.[1998b
¢ A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (36-44)
Author Location p17 (36—44)
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
References |[Ferrari e al.[2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (36-44)
Author Location pl17 (3644 SF2)
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
Keywords HAART, ART, acute/early infection
References |Altfeld et al/2001b
Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
Number of HLA-B35+ individuals that had a CTL response to
this epitope broken down by group: 0/2 group 1, 0/2 group 2,
and 1/1 group 3.

HXB2 Location p17 (36-44)
Author Location
Epitope WASRELERF
Epitope name Gag-WF9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B35)
References Sabbaj et al.[2003
* Among HIV+ individuals who carried HLA B35, 1/21 (5%)
recognized this epitope.

HXB2 Location p17 (36-44)
Author Location Gag
Epitope WASRELERF
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Immunogen HIV-1 infection
Species (MHC) human (B35)
Country Netherlands
Assay type CDS8 T-cell Elispot - [FNy
Keywords HIV exposed persistently seronegative
(HEPS)
References |[Koning et al.|2004
* A high-risk seronegative group of 29 homosexual men showed
reduced cellular in vitro susceptibility for HIV infection and
enhanced production of RANTES compared to 15 men who
went on to seroconvert. Significantly higher frequencies of
HLA A*11, A*31 and Cw*15 were also found in the high risk
seronegative men. Both groups of men had low frequencies
of HIV-1 specific CD8+ T-cells, which may signify exposure
more than protection from infection.
* No one, 0/3 HLA B35+ infection-resistant men, and 0/5 pre-
seroconversion men who went on to become infected, reacted
to this epitope.

HXB2 Location p17 (36-44)
Author Location
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
Assay type CD8 T-cell Elispot - IFNy, HLA binding
Keywords binding affinity, immunodominance, optimal
epitope
References [Bihl ez al.ll2006

* CTL responses were tested for both HIV-1 and EBV derived
epitopes restricted by HLA-A, -B and -C alleles. HLA-B al-
leles more frequently induce detectable responses and that the
responses are generally of greater magnitude than those for
HLA-A and -C alleles.

» The magnitude and frequency of CTL recognition were re-
lated to each other and that TCR avidity for HLA/peptide com-
plexes is a more important determinant for magnitude of re-
sponse than peptide binding affinity to HLA.

* EBV response patterns were not significantly altered by HIV
coinfection.

» Epitope WASRELEREF elicited a magnitude of response of
220 SFC with a functional avidity of 0.01nM and binding
affinity of 17432nM.

HXB2 Location pl7 (36-44)
Author Location
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human (B35)
Country United States
Assay type CD8 T-cell Elispot - IFNy
Keywords supertype, cross-presentation by different
HLA
References [Frahm ez al./2007b
* 100 HIV-infected subjects were tested for response to
optimally-defined CTL epitopes regardless of the subject’s
HLA type. Half of all detected responses were seen in the ab-
sence of the originally reported restricting HLA class I allele,
and only 3% of epitopes were recognized exclusively in the
presence of their original allele. Statistical and experimental
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methods were used to define additional HLA alleles associated
with the epitopes.

¢ In addition to its known HLA association (B35), an additional
HLA (B53) was statistically predicted to be associated with
this epitope.

HXB2 Location p17 (36-44)
Author Location pl7
Epitope WASRELERF
Epitope name WF9(p17)
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B35)
Country China
Assay type CDS8 T-cell Elispot - [FNy
References [Zhai et al.|[2008

* 49 ART-naive chronically HIV-1 infected Chinese subjects’
CTLs were tested with 413 OLPs in IFN-gamma assays, deter-
mining optimal epitopes specific for Chinese Clade B HIV-1
sequences.

* An inverse correlation was found between CTL response and
viral load.

» Targeted peptides have lower entropy than peptides that are
not CTL targeted. This correlation is independent of HLA-
restriction.

¢ Previously described HLA-B35-restricted epitope WASREL-
EREF elicited an immune response in Chinese HIV-1 positive
subjects as part of peptide KHLVWASRELERFAV.

e 1 of the 12 HLA-B35 carriers responded to WASRELERF-
containing peptide with a magnitude of CTL response of 460
SEC/million PBMC (author communication and Fig.1).

HXB2 Location p17 (36-44)
Author Location pl7 (SF2)
Epitope WASRELERF
Immunogen HIV-1 infection
Species (MHC) human
Keywords subtype comparisons, immunodominance
References |Goulder ez al.|2000a
The dominant response in an African American who was HLA
A3/33 B35/B53 Cw4/7 was to this epitope, although the re-
stricting element was not determined — this epitope fell outside
the most recognized peptides in the study.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptides RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCYV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) con-
tained dominant Gag-specific epitopes in 32/37 C-clade in-
fected subjects from South Africa.

HXB2 Location pl7 (36-44)
Author Location p17 (36—44)
Epitope WASRELERF
Subtype C
Immunogen HIV-1 infection

HIV Molecular Immunology 2009

HIV CTL/CD8+ Epitope Tables

Species (MHC) human
Country India
Assay type CDS8 T-cell Elispot - [FNy
Keywords subtype comparisons, computational epitope
prediction, immunodominance

References [Thakar ez al.[2005
PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade B peptides) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa.
PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade unspecified) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa.
26 epitopes were predicted within reactive peptides, of which
90% were clustered in the conserved immunodominant re-
gions of Gag and Nef.
3 of the epitopes were highly conserved across clades, and 7
novel epitopes were found.
Epitope WASRELERF showed >80% conservation with sub-
types B and D and was predicted to be HLA-Cw*0602-
restricted.

HXB2 Location pl17 (37-51)

Author Location p17

Epitope ASRELERFAVNPGLL

Subtype B

Immunogen HIV-1 infection
Species (MHC) human
Country Barbados, Haiti, United States
Assay type CD8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining
Keywords binding affinity, immunodominance
References |[Frahm ez al./2004

* To identify HLA-independent immunodominant regions in
HIV clade B across different ethnicities, the authors analyzed
CTL responses to HIV in African-American (AA), Caucasian
(C), Hispanic (H) and West Indian (WI) cohorts, and analyzed
factors infuencing immune dominance. Host HLA-A11 and -
A25 distributions differed among ethnicities significantly. The
virus regions most targeted by CTLs in breadth and magnitude
were in Gag, Nef and Int proteins (Nef-76, most targeted). Pro
was the least targeted. 88% of peptides across the entire HIV
sequence elicited CTL responses. 6 peptides tested were most
differentially targeted between ethnicities. 3 frequently tar-
geted and 10 highly CTL-reactive regions across all 4 ethnici-
ties were noted for vaccine design purposes.
Suppressive treatment rather than treatment itself was found to
diminish CTL responses, whose breadth and magnitude cor-
relates with CD4 count and not viral load. Factors found to
determine peptide recognition by CTLs were (i) conserved
peptides displaying low entropy (ii) low fraction of forbid-
den amino acids and (iii) high proteasomal cleavage score,
confirming previous informatic studies [Yusim et al. J.Virol.
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76:8757-68 (2002)]. These 3 variables did not correlate with
each other but an inverse trend was seen between cleavage
score and entropy.

In addition, since all ethnicities were able to mount CTL re-
sponses to every HIV protein and only <12% of peptides were
not recognized by any subject, the consensus sequence-based
approach to vaccine design is substantiated.

This overlapping peptide, ASRELERFAVNPGLL, was differ-
entially targeted across ethnic groups and had an overall fre-
quency of recognition of 13.3% - 6.8% AA, 26.9% C, 20.5%
H, 0% WI (P value = 0.0068). HLA-A11 was the most com-
monly present HLA allele among individuals with responses
to this peptide.

HXB2 Location pl17 (37-51)
Author Location Gag (37-51)
Epitope ASRELERFAVNPGLL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Assay type CDS8 T-cell Elispot - [IFNy
Keywords rate of progression
References [Bailey ef al.[2008
* This is the first documentation of transmission of HIV-1 from
a patient who developed AIDS (Progressor) to an Elite Sup-
presssor (ES).
* Both patients are HLA-B*5703-positive. The ES also has
B*27 allele. Escape mutations in HLA-B*57-restricted epi-
topes were present in both patients, suggesting that they by
themselves cannot explain the difference in the outcomes.
The study concluded that viral replication is controlled in ES
by at least two mechanisms: (i) direct inhibition of viral repli-
cation by polyfunctional HIV-1 specific CD8+ T cells that pro-
liferate in response to autologous viral peptides; (ii) selection
for and maintenance of escape mutations that have a negative
impact on viral fitness.
This epitope elicited IFN-y response in the ES.

HXB2 Location pl7 (42-50)
Author Location Gag
Epitope ERFAVNPGL
Epitope name EL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B27)
Country Netherlands
Assay type CD8 T-cell Elispot - [IFNy
Keywords computational epitope prediction
References [Schellens et al.l[2008

* Peptide prediction programs based on MHC binding, pro-
teasomal cleavage and TAP transport were applied to select
novel epitopes absent from the Los Alamos HIV database. 22
novel epitopes were tested by IFN-gamma ELISpot and 19 (11
HLA-B27 restricted, 8 HLA-B57 restricted) induced strong
positive responses.

* Magnitude of response generated was similar to that of pre-
viously identified epitopes, but the number of individuals re-
sponding was lower. This could be explained by less stringent
HLA-typing of subjects and perhaps high sequence variability
within these novel epitopes.
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* EL9, ERFAVNPGL, is a novel HLA-B27-restricted epitope
that elicits a CTL IFN-gamma response in the same range as
Los Alamos database peptides.

HXB2 Location p17 (43-51)
Author Location pl17
Epitope RFAVNPGLL
Subtype B, C
Immunogen HIV-1 infection
Species (MHC) human (B63)
Assay type CDS8 T-cell Elispot - [FNy
Keywords rate of progression, cross-presentation by dif-
ferent HLA
References [Frahm et al.[2005
HLA-B63-positive subjects were shown to be able to gener-
ate CTL responses early in acute HIV infection and to con-
trol HIV replication in the absence of antiretroviral treatment.
Since HLA-B63 shares the epitope binding motif of HLA-
B57 and -BS58, it was shown that HLA-B63-positive individ-
uals mounted CTL responses to previously identified B57-
restricted epitopes, as well as novel, B63-restricted epitopes.
Moreover, these novel B63-restricted epitopes can also be pre-
sented by HLA-B57 and -B58.
This is a putative HLA-B63 epitope is contained within a re-
active peptide containing the B58 supertype binding motif.
There is no evidence for B57/B58 cross-presentation of this
epitope.

HXB2 Location pl7 (49-57)
Author Location Gag (Henan isolate)
Epitope GLLESSEGC
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country China
Assay type CD8 T-cell Elispot - IFNy
References |Gong et al.|2006
* CTL responses were studied in treated and untreated donors
from China, using Gag peptides from Henan isolate. All pep-
tides were predicted to have A2 or All restriction (two of
the most prominent alleles in Chinese population) and HLA
restriction was further analyzed by CTL recognition in pa-
tients carrying corresponding allele. Among treated donors,
HLA-A2 donors had higher CTL response than than HLA-
All donors. Chronically infected untreated individuals had
higher magnitude of CTL response than treated ones.

HXB2 Location p17 (59-67)
Author Location Gag (Henan isolate)
Epitope QILEQLQPA
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country China
Assay type CD8 T-cell Elispot - IFNy
References |Gong ef al.|2006
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¢ CTL responses were studied in treated and untreated donors
from China, using Gag peptides from Henan isolate. All pep-
tides were predicted to have A2 or All restriction (two of
the most prominent alleles in Chinese population) and HLA
restriction was further analyzed by CTL recognition in pa-
tients carrying corresponding allele. Among treated donors,
HLA-A2 donors had higher CTL response than than HLA-
A1l donors. Chronically infected untreated individuals had
higher magnitude of CTL response than treated ones.

HXB2 Location p17 (59-68)
Author Location Gag (Henan isolate)
Epitope QILEQLQPAL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country China
Assay type CDS8 T-cell Elispot - [IFNy
References (Gong er al.[2006
* CTL responses were studied in treated and untreated donors
from China, using Gag peptides from Henan isolate. All pep-
tides were predicted to have A2 or All restriction (two of
the most prominent alleles in Chinese population) and HLA
restriction was further analyzed by CTL recognition in pa-
tients carrying corresponding allele. Among treated donors,
HLA-A2 donors had higher CTL response than than HLA-
A1l donors. Chronically infected untreated individuals had
higher magnitude of CTL response than treated ones.

HXB2 Location p17 (63-72)
Author Location pl7 (63-72)
Epitope QLQPSLQTGS
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Country China
Assay type CDS8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining, Other
Keywords assay standardization/improvement, optimal
epitope
References Wang ef al.|2007¢
e HLA-All-restricted CTL epitopes in 2 male Han Chinese
subjects (one ART naive and one receiving HAART) were de-
termined. A novel epitope was discovered and 5 other putative
epitopes confirmed using 425 overlapping peptides spanning
the entire HIV-1 clade B proteome. By employing intracel-
lular cytokine staining, the authors developed a new method
of mapping optimal epitopes and defining their HLA restric-
tion efficiently. In spite of its being the most common HLA
type in China, A*11-restricted epitopes were recognized less
frequently than other epitopes, and A*11-restricted responses
formed a mean of only 13% of the responses against HIV.
This epitope, QLQPSLQTGS, was detected within over-
lapping peptides QLQPSLQTGSEELRSLY and EGCRQIL-
GQLQPSLQTGS.

HXB2 Location p17 (69-93)
Author Location pl17 (69-93 BH10)
Epitope QTGSEELRSLYNTVATLYCVHQRIE
Immunogen HIV-1 infection
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Species (MHC) human (A2)
References Johnson ef al.|1991
* Gag CTL response studied in three individuals.

HXB2 Location p17 (70-86)
Author Location p24
Epitope TGSEELRSLYNTVATLY
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Country Barbados, Haiti, United States
Assay type CDS8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining
Keywords binding affinity, immunodominance
References |Frahm ez al.[2004
To identify HLA-independent immunodominant regions in
HIV clade B across different ethnicities, the authors analyzed
CTL responses to HIV in African-American (AA), Caucasian
(C), Hispanic (H) and West Indian (WI) cohorts, and analyzed
factors infuencing immune dominance. Host HLA-A11 and -
A2S5 distributions differed among ethnicities significantly. The
virus regions most targeted by CTLs in breadth and magnitude
were in Gag, Nef and Int proteins (Nef-76, most targeted). Pro
was the least targeted. 88% of peptides across the entire HIV
sequence elicited CTL responses. 6 peptides tested were most
differentially targeted between ethnicities. 3 frequently tar-
geted and 10 highly CTL-reactive regions across all 4 ethnici-
ties were noted for vaccine design purposes.
Suppressive treatment rather than treatment itself was found to
diminish CTL responses, whose breadth and magnitude cor-
relates with CD4 count and not viral load. Factors found to
determine peptide recognition by CTLs were (i) conserved
peptides displaying low entropy (ii) low fraction of forbid-
den amino acids and (iii) high proteasomal cleavage score,
confirming previous informatic studies [Yusim et al. J.Virol.
76:8757-68 (2002)]. These 3 variables did not correlate with
each other but an inverse trend was seen between cleavage
score and entropy.
In addition, since all ethnicities were able to mount CTL re-
sponses to every HIV protein and only <12% of peptides were
not recognized by any subject, the consensus sequence-based
approach to vaccine design is substantiated.
This immunodominant, frequently targeted overlapping pep-
tide, TGSEELRSLYNTVATLY, had an overall frequency of
recognition of 22% - 23.7% AA, 23.1% C, 22.7% H, 4.8%
WI. This peptide is included in a 34 aa Gag-p17 highly reac-
tive region to be used for vaccine design.

HXB2 Location p17 (71-79)
Author Location Gag (71-79)
Epitope GSEELRSLY
Epitope name GY9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*01)
Donor MHC A*02, B*08
Country United States
Assay type Intracellular cytokine staining, Other
Keywords rate of progression, escape, immune evasion
References [Karlsson et al.ll2007
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* To correlate evolving HIV-1 populations with HLA-A2 re-
stricted immune responses for epitopes in Gag, Pol, Env and
Nef, 11 treatment-naive subjects were longitudinally stud-
ied. Results show that increased viral load is often associ-
ated with broad CTL responses early in infection that persist
as an "immunological footprint". Conversely, early, restricted
responses may help limit viral load. Phylogenetic and func-
tional evidence of viral escape is seen in Gag, Nef and Pol.
Gag and Nef show flanking epitope changes restricted by non-
HLA-A2 alleles. As far as modes of viral adaptation, CTL re-
sponses were seen to develop both against static viral popula-
tions resulting in viral evolution to HLA-A2 as well as against
existing mutants resulting in reselection of consensus B-like
variants. This study reinforces that CTL immune responses
detected are not necessarily beneficial to patients, but may be
"footprints" from early effective responses that the virus has
since escaped.

In one patient, this epitope GSEELRSLY varied at Y79F to
GSEELRSLY, at an anchor position, conferring potent viral
escape. One other variant seen was GSEELRSLc.

HXB2 Location p17 (71-79)
Author Location pl7
Epitope GTEELRSLY
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (A*0101)
Donor MHC A*0101, A*0301, B*0801;
A*3101, B*3501, B*3905
Country United Kingdom
Assay type CD8 T-cell Elispot - IFNy, HLA binding
Keywords escape, acute/early infection, characterizing
CD8+ T cells
References [Milicic ef al.l2005
¢ CTL responses and escape were analyzed in 4 homosexual
couples where blood samples were available within weeks of
estimated transmission. When the recipient had the same HLA
type as the donor, CTL escape variants prevented a CTL re-
sponse to those epitopes in the recipient. Even when the HLA
alleles were different in the transmitting couple, a single es-
cape mutation in one epitope can abolish CTL recognition of
an overlapping epitope of distinct restriction in the recipient.
In an early acute infection of the donor, the precise timing of
transmission determines the viral variants transmitted.
* Escape mutation gteelrslF in this epitope resulted in 98% re-
duction in HLA binding affinity, and was the transmitted vari-
ant.

A*0201,

HXB2 Location p17 (71-79)
Author Location pl7
Epitope GSEELRSLY
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0101)
Donor MHC A*0101, A*0301, B*0801, B*5101;
A*0101, B*0801
Country United Kingdom
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords escape, acute/early infection, characterizing
CD8+ T cells
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References Milicic et al.l[2005

* CTL responses and escape were analyzed in 4 homosexual
couples where blood samples were available within weeks of
estimated transmission. CTL escape variants were often trans-
mitted. When the recipient had the same HLA type as the
donor, CTL escape variants prevented a CTL response to those
epitopes in the recipient. Even when the HLA alleles were dif-
ferent in the transmitting couple, a single escape mutation in
one epitope can abolish CTL recognition of an overlapping
epitope of distinct restriction in the recipient.

The second donor in the study shares A*0101 and B*0801
with his partner. Escape mutations gseelKsly in GSEELRSLY
resulted in 44% reduction in HLA binding affinity and no re-
sponse in an Elispot assay, and gseelKsly was the transmitted
form.

HXB2 Location p17 (71-79)
Author Location pl7 (71-79 LAI)
Epitope GSEELRSLY
Subtype B
Immunogen
Species (MHC) human (A1)
References |Brander & Walken|1996
* P. Goulder, pers. comm.

HXB2 Location pl7 (71-79)
Author Location pl7 (71-79)
Epitope GSEELRSLY
Immunogen HIV-1 infection
Species (MHC) human (A1)
References |Birk ez al.[1998b
* A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (71-79)
Author Location pl17 (71-79 HXB2)
Epitope GSEELRSLY
Epitope name GSE
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A1)

Keywords HAART, ART, supervised treatment in-
terruptions (STI), immunodominance,
acute/early infection

References |Oxenius et al.J2000

* Patients who started therapy at acute HIV-1 infection (three
with sustained therapy, two with limited therapy upon early in-
fection) had strong HIV specific CD4 proliferative responses
and were able to maintain a CTL response even with unde-
tectable viral load — three patients that had delayed initiation
of HAART had no HIV specific CD4 proliferative responses
and lost their CTL responses when HAART was eventually
given and their viral loads became undetectable.

* This epitope was not recognized by the 6/8 study subjects that
were HLA-AT.

HXB2 Location p17 (71-79)
Author Location pl7 (71-79)
Epitope GSEELRSLY
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Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (A1)
Keywords HIV exposed persistently
(HEPS)
References |[Kaul e a./2001a

e ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.

* Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.

¢ 43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the du-
ration of viral exposure.

e Among HLA-A1 women, 1/1 HEPS and 3/3 HIV-1 infected
women recognized this epitope, and the response was the
dominant HLA-A1 response in all cases.

seronegative

HXB2 Location p17 (71-79)
Author Location pl7
Epitope GSEELRSLY
Epitope name GSE
Immunogen HIV-1 infection
Species (MHC) human (A1)
Keywords HAART, ART, supervised treatment inter-
ruptions (STI)
References |Oxenius et al/2002b
* Using previously defined epitopes |Oxenius et al| [2000,
2001a] in an IFNgamma Elispot assay, 13 chronically HIV-1
infected patients were studied over a period including therapy
with supervised treatment interruptions (STI).
* STIs induced increased recognition of CTL epitopes, but there
was no correlation between CTL responses with viral rebound
rates, plateau viral loads, or clearance rates.

HXB2 Location p17 (71-79)
Author Location pl17 (71-79)
Epitope GSEELRSLY
Immunogen HIV-1 infection
Species (MHC) human (A1)
Country Spain
Assay type proliferation, CD8 T-cell Elispot - IFNYy,
Flow cytometric T-cell cytokine assay
Keywords HAART, ART, supervised treatment inter-
ruptions (STI), immune dysfunction
References [Plana ez al.2004
Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, prob-
ably due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not cor-
related with viral load.
3/13 patients recognized this epitope.

HXB2 Location pl7 (71-79)
Author Location (71-79 B consensus)
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Epitope GSEELRSLY
Epitope name GY9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A1)
Country United States
Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords characterizing CD8+ T cells
References |Allen et al.l2004

* This study characterizes an escape mutation in a C-terminal
flanking residue of the HLA-A3 gag p17 KKO epitope that
inhibits processing, and is embedded in the overlapping HLA-
A3 RKDY epitope.

* The immune response was tracked in subject AC-38. The
acute immunodominant response was to the B57 TW10 epi-
tope; this response declined following viral escape (tsNlqge-
qigw) by day 64. The p17 KK9 and RK9 became immu-
nodominant, but then declined as the escape mutation arose.
Three other strong responses that persisted were detected,
along with 1 sub-dominant response to GY9.
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HXB2 Location p17 (71-79)
Author Location Gag
Epitope GSEELRSLY
Epitope name GL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A1)
Donor MHC Al, A3, B57, B7, Cw6, Cw7
Country United States
Assay type CDS8 T-cell Elispot - [FNy
Keywords subtype comparisons, escape, characterizing
CD8+ T cells, viral fitness and reversion
References |Allen et al.l2005a
* Two-thirds of all mutations arising in non-envelope proteins
during the transition from acute to chronic infection were
found to be due to either CD8 T-cell-associated selective pres-
sures or reversion of HLA-I-associated mutations selected in a
previous host.The predominance of escape mutations at highly
polymorphic sites was observed across different HIV-1 clades.
* One escape mutation, at position 9, gseelrslF, was found in the
most polymorphic residue in the epitope. These were shared
between clades B and C.

HXB2 Location p17 (71-79)
Author Location pl7
Epitope GSEELRSLY
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A1)
Donor MHC AlAl, B55, B8, Cw3, Cw7
Country Democratic Republic of the Congo
Assay type CD8 T-cell Elispot - IFNy
Keywords subtype comparisons
References |Geels et al.|2005
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¢ Cross-clade CTL responses in 10 non-B HIV-1 infected in-
dividuals were evaluated. T-cell reactivity was tested against
peptide pools of clade B Gag, Pol, Nef, Rev and Tat. Nine
individuals demonstrated cross-reactive T-cell responses to
clade A, B, and C Gag pools; 6/7 patients that responded to
Nef-B also reacted to clade A and C Nef pools. An inverse
correlation was observed between the sequence divergence of
the HLA class I restricted epitopes and the height of the T-cell
responses, which in Gag could be explained through varia-
tions in the HLA-anchor residues. 42% of the responses were
directed to regions containing new epitopes.

 This previously described epitope was embedded in a B clade
peptide that was recognized by T-cells from an infected person
carrying subtype D Gag. The autologous epitope sequence
had dramatic changes, the epitope GSEELRSLY peptide was
GtegikSLh, and so likely not the actual reactive epitope in the
larger peptide.

HXB2 Location p17 (71-79)
Author Location p24 (71-79)
Epitope GSEELRSLY
Immunogen HIV-1 infection
Species (MHC) human (B*57)
Country Kenya
References |Peters et al.|2008al

* Gag sequences from 468 HIV-1 positive sex workers from the
Kenyan Pumwani cohort were analyzed to bioinformatically
identify positively selected residues that could be related to
antigen processing. Mutation effects on disease progression
were followed by mean CD4 counts. This method is also
one way of identifying potential CTL epitopes and classify-
ing them.

* A Gag positive selection map was generated and sites were
classified as beneficial or harmful to HIV. They were corre-
lated to antigen processing (proteasomal cleavage), antigen
presentation (TAP transport efficiency) and T-cell receptor
binding.

e pl7 and p24’s structural constraints limited their diversity,

while p7-p1-p6 showed a higher average entropy.

GSEELRSLY is a previously identified HLA-A*0101 re-

stricted epitope.

HXB2 Location p17 (71-85)
Author Location p17 (71-85 SF2)
Epitope GSEELRSLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human
References [Lieberman ef al.[1997a
* Of 25 patients, most had CTL specific for more than 1 HIV-1
protein.
* Twelve subjects had CTL that could recognize vaccinia-
expressed LAI gag.
¢ One of these 12 had CTL response to this peptide.
 The responding subject was HLA-A1, A11, BS, B27.

HXB2 Location pl7 (71-85)
Author Location p17 (71-85 HXB2)
Epitope GSEELRSLYNTVATL
Subtype B
Immunogen HIV-1 infection
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Species (MHC) human

Assay type T-cell Elispot

Keywords supervised treatment interruptions (STI), im-

munodominance, early treatment
References |Addo ef al.2003

Comprehensive Elispot screening of 504 overlapping peptides
that spanned all HIV-1 proteins in 57 HIV-1 infected individ-
uals. Four groups of patients were compared: 23 were un-
treated; 12 were chronically infected and treated; 22 started
treatment during acute infection; 11 continuously treated and
11 with STIL.
63% of the peptides were recognized - the most frequent re-
sponses were directed against Nef (95%) and p24-Gag (88%).
pl7 was the most frequently recognized protein after correc-
tion for protein length. A median of 18 peptides (range 2-
42) were recognized per person. The most frequently (>20%)
recognized peptides were located in conserved regions within
clade B sequences. Vpu was rarely recognized.
A decrease in the total magnitude and in the breadth of CTL
responses was detected in patients with treated acute infection
in comparison to chronically infected treated or untreated indi-
viduals. No correlation between plasma viral load and HIV-1
specific T-cell responses was observed.
Responses to this peptide were detected in 16% of the study
subjects, and it was one of the 25 most frequently recognized
peptides.

HXB2 Location p17 (71-90)
Author Location Gag (HXB2)
Epitope GSEELRSLYNTVATLYCVHQ
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Donor MHC A2
Assay type CDS8 T-cell Elispot - [FNy
Keywords assay standardization/improvement,
HAART, ART
References |Chitnis et al.l[2003

17 perinatally HIV-1 infected children (0.08-16 years) were
evaluated for HLA-A2-restricted IFN-gamma CD8+ CTL re-
sponses against 4 immunodominant peptides that carry HLA-
A2 epitopes. Two peptides were from gp120 (one at position
112, one from the V3 loop), and one each was from gp41 and
Gag. 15/17 patients responded to the Gag peptide, 13/17 to the
gp41 and the non-V3 gp120 peptides, and 11/17 responded to
the V3 loop. 4 children recognized all 4 peptides.
In 10/14 children, addition of exogenous IL-15 induced in-
creased frequencies of SFCs to the Gag peptide. IL-2 and IL-7
did not increase SFCs, however IL-2, IL-7 and IL 15 could all
increase the intensity of the spots in some patients. In 4 chil-
dren, IL-15 addition brought the SFC response up to the level
of detection.

HXB2 Location p17 (73-82)
Author Location p17 (73-82)
Epitope EELRSLYNTV
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (B*4006)
Country India
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Assay type CDS8 T-cell Elispot - [IFNy
Keywords subtype comparisons, computational epitope
prediction, immunodominance

References [Thakar et al.J2005
PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade B peptides) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa.
PBMCs from HIV-1 infected Indian subjects were tested for
HIV-1 Gag (with C clade peptides), Nef (with B clade pep-
tides), and Env (clade unspecified) specific T-cell responses. 5
immunodominant regions conserved across clades were iden-
tified in Gag and Nef. 3 antigenic regions were found to be
recognized by CTLs in the Indian subjects; these regions were
not identified as immunodominant in studies from Africa.
26 epitopes were predicted within reactive peptides, of which
90% were clustered in the conserved immunodominant re-
gions of Gag and Nef.
3 of the epitopes were highly conserved across clades, and 7
novel epitopes were found.
Epitope EELRSLYNTYV is conserved across all clades and
shown to be HLA-B*4006-restricted.

HXB2 Location pl7 (73-87)
Author Location
Epitope EELRSLYNTVATLYC
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC All, A2, B60, B7; A2, A32, B44, B7; A2,
A24, B15, B40; All, A2, B44, B60; A2,
A31, B27, B44
Country Australia
Assay type proliferation, CD8 T-cell Elispot - IFNy
Keywords rate of progression
References Dyer et al.|2008
e 13 TAHIV (transfusion acquired HIV) LTNPs were studied
longitudinally for up to 27 years to find correlations and in-
dicators of elite control versus delayed progresson to AIDS.
12 of 13 subjects had one or more host genetic factor that
coincided with LTNP status, but 50% did not remain non-
progressors.
Immune factors that correlated with LTNP status were very
low HIV viremia (<100 copies/ml) associated with Gag p24
proliferative CD4 response. Decline in p24-induced prolif-
eration strongly preceded loss of non-progression to AIDS.
Strong Gag-specific CTL responses in one sub-cohort were in-
dicative of control while Pol-specific responses were effective
in controlling HIV replication in the other sub-group.
Peptide 19 (NIH ARRP Cat# 7890), EELRSLYNTVATLYC,
which contains an epitope restricted by HLA-A2 in different
patients elicited the following CTL responses: (1) <1000 sfc/
million PBMC in a living non-progressor for 22+ years; (2)
in a living non-progressor at <50 sfc/million PBMC from 19
to 22+ years; (3) upto 22+ years at <1000 sfc/million PBMC
for yet another living non-progressor; (4) <100 sfc/million
PBMC upto 12 years in a low-viremic former non-progressor
who succumbed to non-AIDS death; and (5) >100 sfc/million
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PBMC upto 22+ years in a deceased former non-progressor
who lost viremic control.

HXB2 Location pl17 (74-82)
Author Location Gag (74-82)
Epitope ELRSLYNTV
Epitope name EV9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*08)
Donor MHC A*01, A*02
Country United States
Assay type Intracellular cytokine staining, Other
Keywords rate of progression, escape, immune evasion
References [Karlsson et al.|2007
To correlate evolving HIV-1 populations with HLA-A2 re-
stricted immune responses for epitopes in Gag, Pol, Env and
Nef, 11 treatment-naive subjects were longitudinally stud-
ied. Results show that increased viral load is often associ-
ated with broad CTL responses early in infection that persist
as an "immunological footprint". Conversely, early, restricted
responses may help limit viral load. Phylogenetic and func-
tional evidence of viral escape is seen in Gag, Nef and Pol.
Gag and Nef show flanking epitope changes restricted by non-
HLA-A2 alleles. As far as modes of viral adaptation, CTL re-
sponses were seen to develop both against static viral popula-
tions resulting in viral evolution to HLA-A2 as well as against
existing mutants resulting in reselection of consensus B-like
variants. This study reinforces that CTL immune responses
detected are not necessarily beneficial to patients, but may be
"footprints" from early effective responses that the virus has
since escaped.
No CTL responses were detected against the EV9 epitope,
ELRSLYNTV. A V82I variant, ELRSLYNTi was found.

HXB2 Location p17 (74-82)
Author Location pl7 (74-82)
Epitope ELRSLYNTV
Epitope name EV9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B*08)
Country Australia, Canada, Germany, United States
Keywords HLA associated polymorphism
References [Brumme ez al./2008a
* 98 newly infected patients were studied to track early host
HLA and Gag/Pol/Nef epitope immune responses’ association
with viral evolution. Response hierarchies were the same as
those for later infection, and 50% of the most rapidly substi-
tuting epitopes were restricted by protective HLA, e.g. Gag
B*57-associated mutations which were the most rapidly re-
verting upon transmission to a non-B*57-host. While there
are great differences in mutation rates and reversions across
the HIV proteome, most early viral change is driven by im-
mune pressure.
» HLA-driven epitope evolution was seen in 80% of published
CTL epitopes.
* HLA-B*08-associated substitution within optimally defined
epitope ELRSLYNTYV is at positions T8, ELRSLYNtV. EV9
has very low recognition frequencies and no escape.
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HXB2 Location p17 (74-82)
Author Location pl7
Epitope ELRSLYNTV
Immunogen
Species (MHC) human (B*0801)
Keywords optimal epitope
References [Llano et al.l2009
* Noted by Brander to be a B*0801 epitope.

HXB2 Location p17 (74-82)
Author Location pl7
Epitope ELRSLYNTV
Immunogen
Species (MHC) human (B8)
References |Goulder et al.|1997g
* Defined in a study of the B8 binding motif.

HXB2 Location p17 (74-82)
Author Location pl7 (74-82)
Epitope ELRSLYNTV
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |Birk et al.||1998b
* A study of pl7 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location p17 (74-82)
Author Location pl7 (74-82)
Epitope ELRSLYNTV
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |Ferrari ez al.[2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location p17 (74-82)
Author Location pl17 (74-82)
Epitope ELRSLYNTV
Immunogen HIV-1 infection
Species (MHC) human (B8)
References |Day ef al.[2001
e B8-restricted CTL accounted for about 1/3 of the total CTL
response in one individual.

HXB2 Location pl17 (74-82)
Author Location (B consensus)
Epitope ELRSLYNTV
Epitope name EV9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
Donor MHC All1, A29, B0OS, B44, Cw4, Cw7
Country United States
Assay type Cytokine production, Intracellular cytokine
staining, Chromium-release assay, Flow cy-
tometric T-cell cytokine assay
Keywords assay standardization/improvement, memory
cells, characterizing CD8+ T cells
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References |Lichterfeld ef al.|2004c

» Using a flow-cytometric cytotoxicity assay based on caspase-3
activation in dying target cells, it was shown that the subset of
HIV-1-specific CD8+ T cells secreting both IFN-gamma and
TNF-alpha exhibit stronger cytotoxic activity than those se-
creting only IFN-gamma. These cells also exhibited stronger
intracellular perforin expression. No association between
HIV-1-specific CD8+ T-cell maturation phenotypes and intra-
cellular perforin expression was found.

* 1/9 individuals recognized this epitope.

HXB2 Location pl7 (74-82)
Author Location pl7
Epitope ELRSLYNTV
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (BS8)
Donor MHC A1Al, B55, B8, Cw3, Cw7
Country Democratic Republic of the Congo
Assay type CDS8 T-cell Elispot - [FNy
Keywords subtype comparisons
References |Geels et al.|2005
* Cross-clade CTL responses in 10 non-B HIV-1 infected in-
dividuals were evaluated. T-cell reactivity was tested against
peptide pools of clade B Gag, Pol, Nef, Rev and Tat. Nine
individuals demonstrated cross-reactive T-cell responses to
clade A, B, and C Gag pools; 6/7 patients that responded to
Nef-B also reacted to clade A and C Nef pools. An inverse
correlation was observed between the sequence divergence of
the HLA class I restricted epitopes and the height of the T-cell
responses, which in Gag could be explained through varia-
tions in the HLA-anchor residues. 42% of the responses were
directed to regions containing new epitopes.
This previously described epitope was embedded in a B clade
peptide that was recognized by T-cells from an infected person
carrying subtype D Gag. The autologous epitope sequence
ELRSLYNTYV had dramatic changes, the epitope peptide was
gikSLhNTYV, and so likely not the actual reactive epitope in
the larger peptide.

HXB2 Location pl7 (74-82)
Author Location
Epitope ELRSLYNTV
Immunogen
Species MHC) (B8)
Keywords review, immunodominance, escape, vaccine
antigen design
References |Altfeld & Allen|2006
* This review discusses current literature on particular CTL es-
cape mutations that significantly impair viral fitness and ar-
gues for a concerted effort to identify these targets.
* This epitope is discussed in the context of the hierarchy of
recognized HLA-B8 epitopes during acute infection.

HXB2 Location pl7 (74-82)
Author Location p17 (74-82 B1 and B2)
Epitope ELRSLYNTV
Subtype B, CRFO1_AE
Immunogen HIV-1 infection
Species (MHC) human (BS)
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Donor MHC A3, A32, B62, B, Cw3
Country Netherlands
Assay type Other
Keywords subtype comparisons, computational epitope
prediction, superinfection

References [Kozaczynska ef al.[2007
* The influence of superinfection upon changes in HIV-1 strains
was studied in a triple infected subject. While continuous ex-
pression of all three strains was observed, the LTR promoters
of subtype AE had highest activity of all 3 strains, and subtype
B2 had the lowest. Env-V3 sequences were present in higher
numbers in strains B2 and CRF01_AE. Recombination was
seen between viruses B1/B2 in gag and vpr genes.
This HLA-BO8 restricted epitope, ELKSLYNTYV, varied to
ELRSLYNTYV in 50% of viruses in B1 within 4 years, ELk-
SLENTV in 67% of viruses in strain B2 within 3 years, and
ELKSLYNTV in AE at the earliest time point taken, with
no changes over time. A reversion was seen in B2 to ELk-
SLYNTV i.e. fto Y, suggesting a lack of CTL pressure on this
sequence.

HXB2 Location pl17 (74-82)
Author Location pl7 (74-82)
Epitope ELKSLFNTI
Epitope name EI9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (B8)
Donor MHC A*6801, AO01, B08, B51, Cw07, Cwl5,
DQ2, DQ3, DR3, DR4
Country United States
Assay type CD8 T-cell Elispot - [FNYy, Other
Keywords rate of progression, immune evasion
References [Kemal et al.|2008
An LTNP was followed longitudinally over 6 years and 3 sam-
pling time points, until transition to disease. His HLA were
heterozygous and not associated with nonprogressive infec-
tion, but 3 alleles were associated with poor clinical progno-
sis. No attenuating mutations in initial samplings, but an in-
sertion in the V2 loop and continuing CCR5 coreceptor use
were found.
A decrease in IFN-gamma response was seen over time,
suggesting CTL dysfunction. An increase in T-cell epi-
topes targeted (e.g. emergence of YL8, YLKDQQLL and
WY20, WKFDSRLAFHHMARELHPEY variants and gain
of response to EL9, EIKDTKEAL, NL10, NSNPDCKTIL,
AK9, AIFQSSMTK, WMS8, WSMVRERM, VT15, WVH-
HTQGYFPDWQNYT) was seen concomitant with disease
progression, reflecting viral replication and/or variants.
HLA-B8-restricted autologous epitope ELKSLFNTI elicited
increasing CTL responses at the last 2 time points. HLA
restriction was predicted in this study based on the patient’s
HLA alleles and previous publication.

HXB2 Location p17 (74-82)
Author Location Gag
Epitope ELRSLYNTV
Epitope name EV9-B08
Subtype B, F
Immunogen HIV-1 infection
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Species (MHC) human (BS)
Country Argentina
Keywords dynamics, HLA associated polymorphism
References |Dilernia ez al.|2008
* Dynamics of CTL escape mutations was studied theoretically
by analyzing plasma samples from 302 subjects (collected
over 20 years). HLA associated polymorphisms accumulated
in a subtype-specific manner.
* Epitope = ELRSLYNTV  with anchor residues at
EL(R)SLYNTV contains a polymorphism ELrSLYNTV.
The variant ELKSLYNTYV increases in time.

HXB2 Location p17 (74-83)
Author Location Gag
Epitope ELRSLYNTVA
Epitope name 1241
Subtype multiple
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States
Assay type T-cell Elispot
Keywords binding affinity, computational epitope pre-
diction
References |De Groot et al.|2003
 Epitopes defined using sequence parsing and matching algo-
rithm Conservatrix, and epitope prediction tool EpiMatrix,
were shown to be conserved in a broad range of HIV-1 se-
quences derived from different parts of the world. 31 novel
highly conserved HIV-1 epitopes were found, among which
four were recognized as promiscuous epitopes and five as
MHC supertypes.
* Estimated binding probability for ELRSLYNTVA: 71%. This
epitope was previously identified in the literature, but was not
confirmed in this study.
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HXB2 Location p17 (76-86)
Author Location pl7 (74-86 LAI)
Epitope RSLYNTVATLY
Subtype B
Immunogen
Species (MHC) human (A*3002)
Keywords optimal epitope
References |Llano ez al.|2009
* C. Brander notes this is an A*3002 epitope.

HXB2 Location pl7 (76-86)
Author Location pl7 (SF2)
Epitope RSLYNTVATLY
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a

» The CTL-dominant response was focused on this epitope in a
single HIV+ individual from Boston — this epitope fell outside
the most recognized peptides in the study.

» Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
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Five peptidles RLRPGGKKHYMIKHLVW (pl17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) con-
tained dominant Gag-specific epitopes in 32/37 C-clade in-
fected subjects from South Africa.

HXB2 Location p17 (76-86)

Author Location Gag (96ZM651.8)

Epitope RLSYNTVATLY
Immunogen
Species (MHC) human (A*3002)
References Novitsky ef al.[2001

e This study provides a survey of CTL responses and full
length HIV-1 genome sequences from a C subtype infected
Botswanan cohort.

e Only 3/13 (23.1%) A*3002-positive subjects demonstrated
moderate CTL responses to the peptide GTEELRSLYNTVAT-
LYCVHE (residues 71 to 90), which contains the previously
described A*3002 epitope RLSYNTVATLY.

HXB2 Location p17 (76-86)

Author Location p17 (76-86)

Epitope RSLYNTVATLY
Epitope name RY11 (p17)
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
References |Goulder et al.|2001a

* HLA-A*3002 is very common in African populations, 50%
of Zimbabweans express HLA-A30, 44% in African Zulu, so
five new HIV epitopes were characterized that are presented
by this HLA molecule.

* A rapid method was developed combining ELISPOT with in-
tracellular IFN-vy staining of PBMCs to map optimal epitopes,
then HLA presenting molecules were defined — this method
was completed within 48 to 72 hours of receipt of blood.

e Two individuals were studied: Subject 199 (HLA

A*0201/*¥3002 B*4402/51 Cw2/5), a Caucasian, and

Subject 6007 (HLA A*3002/ B53/*5801 Cw4/7) an African-

Caribbean.

In both HLA-A*3002 individuals the response to RSLYNT-

VATLY was dominant.

» Three quantitative assays, ELISPOT, precursor frequency and
chromium release, confirmed a hierarchy of response: RY11
(p17) > KY9 (gp41) > KY9 (RT-53) > IY9 (gp41).

* HLA-A*3001-positive targets do not present RSLYNT-
VATLY.

HXB2 Location pl17 (76-86)
Author Location
Epitope RSLYNTVATLY
Epitope name Gag-RY11
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Donor MHC A*3002, A*3201, B*4501, B*5301,
Cw*0401, Cw*1202
Keywords HAART, ART
References |Sabbaj e al.[2003
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* This study monitored epitope responses in HIV-1 infected mi-
nority women living in the United States.

24 epitopes were described — 8 were novel, 8 used new re-
stricting elements but were previously defined epitopes, and 8
were previously described.

Serial peptide truncations were used to define optimal epitopes
for CTL cell lines isolated from 12 individuals, assayed by a
Cr-release.

Subject 00ORCH33 was on HAART had a viral load of 2900
and CD4 count of 727 and also recognized the epitopes
YPLTFGWCY, Nef(135-143), HLA B*5301; AETFYVDGA,
RT(437-445), HLA B*4501; and HIGPGRAFY, gp160(310-
318), HLA A*3002.

Among HIV+ individuals who carried HLA B30, 3/16 (19%)
recognized this epitope.

HXB2 Location p17 (76-86)
Author Location (C consensus)
Epitope RSLYNTVATLY
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Country South Africa
Assay type CDS8 T-cell Elispot - [FNy
Keywords characterizing CD8+ T cells
References |Kiepiela et al.|2004
* HLA class I restricted CD8+ T-cell responses against HIV-1
were analyzed in African patients. Significantly more re-
sponses were shown to be HLA-B restricted. Viral load, CD4
count, and thus rate of disease progression were also associ-
ated with HLA-B alleles. In addition, the selection pressure
imposed on HIV-1 by HLA-B alleles was shown to be sub-
stantially greater than by other alleles.
This epitope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epi-
tope in the HIV database. Also, a significantly higher fre-
quency of people in the Durban cohort who reacted with the
peptide had this HLA type.

HXB2 Location p17 (76-86)
Author Location (C consensus)
Epitope RSLYNTVATLY
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Country South Africa
Assay type CDS8 T-cell Elispot - [FNy
Keywords rate of progression, optimal epitope
References |Kiepiela et al.|2007
* A comprehensive analysis of 160 class I T cell responses in
578 individuals from KwaZulu-Natal, South Africa was per-
formed. Gag-specific responses were associated with lowering
viremia, while Env, accessory and regulatory protein-specific
responses were associated with higher viremia.
* RSLYNTVATLY is an optimal epitope.

HXB2 Location p17 (76-86)
Author Location Gag
Epitope RSLYNTVATLY
Subtype C
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Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Country South Africa
Assay type CDS8 T-cell Elispot - [IFNy
References |Chopera et al.|2008

* Transmission of HIV-1-escape variants from individuals with
protective HLA-B*57/-B*5801 alleles to those without these
alleles was studied to determine if infection with such
replication-deficient mutants offered any advantage to the new
host. Dependency between slower rate of disease progression
in the newly infected subject and protective genotype of the
infecting individual was suggested.

* HLA-A*3002-restricted epitope RSLYNTVATLY, within pep-
tide TGTEELRSLYNTVATL was able to elicit CTL re-
sponse in a T242N/A146X viral-mutation-carrying subject.
T242N/A146X are common HLA-B*57/-B*5801 associated
escape mutations.

HXB2 Location p17 (76-86)
Author Location pl7 (76-86)
Epitope RSLYNTVATLY
Immunogen HIV-1 infection
Species (MHC) human (A*3002)
Country Kenya
References |Peters et al.|2008al

* Gag sequences from 468 HIV-1 positive sex workers from the

Kenyan Pumwani cohort were analyzed to bioinformatically

identify positively selected residues that could be related to

antigen processing. Mutation effects on disease progression

were followed by mean CD4 counts. This method is also

one way of identifying potential CTL epitopes and classify-

ing them.
* A Gag positive selection map was generated and sites were
classified as beneficial or harmful to HIV. They were corre-
lated to antigen processing (proteasomal cleavage), antigen
presentation (TAP transport efficiency) and T-cell receptor
binding.
pl7 and p24’s structural constraints limited their diversity,
while p7-p1-p6 showed a higher average entropy.
RSLYNTVATLY is a previously identified HLA-A*3002 re-
stricted epitope.

HXB2 Location p17 (76-86)
Author Location p17 (74-86 SF2)
Epitope RSLYNTVATLY
Immunogen HIV-1 infection
Species (MHC) human (A30)
Keywords HAART, ART, acute/early infection
References |Altfeld et al.[2001b

* Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.

e The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl17, p24, RT, gp41, gp120 and Nef.
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* Previously described and newly defined optimal epitopes were
tested for CTL response.

* Number of HLA-A30+ individuals that had a CTL response to
this epitope broken down by group: 0/1 group 1, 0/0 group 2,
and 1/1 group 3.

HXB2 Location p17 (76-86)
Author Location pl17
Epitope RSLYNTVATLY
Epitope name A30-RY11(pl17)
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A30)
Donor MHC A30, A32, B18, B27
Keywords HAART, ART, supervised treatment inter-
ruptions (STI)
References |Altfeld et al.[2002b
Peripheral blood (PB) and lymph node (LN) CD8+ T-
cell responses were compared in 15 asymptomatic HIV-1
infected patients using all known optimal CTL epitopes
(http://hiv-web.lanl.gov/content/hiv-db/
REVIEWS/brander2001.html) for each person’s class I
HLA alleles.
60 epitope responses were detected in both PB and LN sam-
ples of the 15 patients, and an additional 8 responses were
detected only in LN. The total magnitude of the response was
similar in LN and PB, but the percentage of CD8+ T cells in
the LN is lower so the number of HIV-specific cells per million
CD8+ T-cells is higher in the LN.
1 year post-HAART treatment in five patients studied, the
magnitude of the CD8+ T-cell response was decreased in both
LN and PB, but more dramatically in PB, and 13/25 epitope
responses in the PB became undetectable, in contrast to 5/26
in the LN.
Treatment interruption following HAART resulted in in-
creased viremia accompanied by the restoration of the detec-
tion of 13 epitopes that had become undetectable in the PB,
and the addition of 9 novel epitope responses.
Breakdowns of epitope responses were shown for 4 indi-
viduals. Patient D displayed the greatest response to B27-
KK10 (p24), and also responded to A30-RY11(pl17), A32-
PWI10(RT), A30-KY11(RT), A32-RW10(gp120), and B18-
YY9(Nef).

HXB2 Location p17 (76-86)
Author Location pl17
Epitope RSLYNTVATLY
Epitope name RY-11
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A30)

Assay type CD8 T-cell Elispot - IFNy, CD4 T-cell Eli-
spot - IFNYy, Intracellular cytokine staining,
Chromium-release assay

Keywords subtype comparisons, epitope processing,
immunodominance, cross-presentation by
different HLA

References [IMasemola et al.|2004b
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Highly targeted regions in Gag for CD8+ T-cells were defined
for individuals with C clade infections in South Africa. 9 spe-
cific epitopes within the most reactive regions were character-
ized.

RSLYNTVATLY was presented by A*30, which is more com-
mon in Zulus than Caucasians (0.195 versus 0.019). This epi-
tope had previously identified in B clade infections.

HXB2 Location pl17 (76-86)
Author Location pl7
Epitope RSLYNTATLY
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A30)
Donor MHC A*02, A*30, B*15, B*4402
Assay type T-cell Elispot
Keywords HIV exposed persistently seronegative
(HEPS)
References |Missale et al.|2004
* HIV-specific T-cell response was tested in patients exposed to
blood from a patient with highly replicating HIV; these pa-
tients were nosocomially infected with HBV, but uninfected
with HIV. HIV-specific T-cell responses were directed to struc-
tural and non-structural HIV proteins in 2 patients, suggesting
that the virus replicated in these patients sufficiently to prime a
cell-mediated immune response that protected them from HIV
infection.
This patient responded to 4/8 HIV epitopes tested in an
IFNgamma Elispot assay or tetramer assay. Responses were
detected 8 and 28 weeks after exposure, this particular epitope
was only tested with Elispot.

HXB2 Location pl17 (76-86)
Author Location pl7 (76-86)
Epitope RSLYNTVATLY
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A30)
Country United States
Assay type CDS8 T-cell Elispot - IFNy
Keywords binding affinity, subtype comparisons,
acute/early infection
References [Malhotra et al.[2007b
* T-cell responses to clade B Gag peptides were tested using
sequences based on consensus (CON), most recent common
ancestor (ANC) and center of tree (COT); as well as CON se-
quences from clade A, clade C and M-group Gag. It was found
that Gag-specific cross-clade T-cell IFN-gamma responses are
detectable during primary infection, and there was no signifi-
cant difference in breadth or magnitude of responses with the
different peptide sets. While several epitopes in low diversity
domains are invariant across clades, other recognized variants
are seen outside HLA anchor positions. T-cell immunity often
tolerates conservative or semi-conservative amino acid substi-
tutions but changes presumed to be in TCR contact sites may
abrogate epitope recognition.
This epitope, RSLYNTVATLY, is invariant across CON A, B,
C and M-Group sequences, as well as clade B COT and ANC
sequences. HLA-A30 restriction was inferred based on sub-
ject possessing appropriate HLA class I allele and prior publi-
cation.
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HXB2 Location p17 (76-86)
Author Location
Epitope RSLYNTVATLY
Immunogen HIV-1 infection, vaccine
Vector/Type: canarypox, canarypox prime
with recombinant protein boost Strain: B
clade BRU, B clade LAI, B clade MN, mul-
tiple epitope immunogen HIV component:
Gag, gp120, gp41, Nef, Pol, Protease
Species (MHC) human (A30)
Assay type CDS8 T-cell Elispot - IFNYy, Flow cytometric
T-cell cytokine assay
Keywords vaccine-induced epitopes, characterizing
CD8+ T cells
References |Horton ez al.|2006a

* CD8+ T-cell function induced by HIV-1 immunogens and nat-
ural infection was compared. Natural infections consisted of
early, chronic, and long term nonprogressors.

* B27- and B57-restricted CD8+ T cells from nonprogressors
exhibited greater expansion than those restricted by other al-
leles, providing an explanation for the observed association
between HLA-B27/B57 and control of HIV-1 infection.

HXB2 Location pl7 (76-86)
Author Location Gag
Epitope RSLYNTVATLY
Epitope name RY11-A30
Subtype B, F
Immunogen HIV-1 infection
Species (MHC) human (A30)
Country Argentina
Keywords HLA associated polymorphism
References [Dilernia et al.l2008
* Dynamics of CTL escape mutations was studied theoretically
by analyzing plasma samples from 302 subjects (collected
over 20 years). HLA associated polymorphisms accumulated
in a subtype-specific manner.
* Epitope RSLYNTVATLY with anchor residues at RSLYNT-
VATL(Y) contains a polymorphism RSLYNTVvVTLY.

HXB2 Location pl7 (76-86)
Author Location Gag
Epitope RSLYNTVAVLY
Epitope name RY11-A30
Subtype B, F
Immunogen HIV-1 infection
Species (MHC) human (A30)
Country Argentina
Keywords dynamics, escape
References [Dilernia e al.|2008
* Dynamics of CTL escape mutations was studied theoretically
by analyzing plasma samples from 302 subjects (collected
over 20 years). HLA associated polymorphisms accumulated
in a subtype-specific manner.
* Epitope RSLYNTVAVLY with anchor residues at RSLYNT-
VAVL(Y) and a polymorphism rSLYNTVAVLY mutates to
variant KSLYNTVAVLY which increases in time.

HXB2 Location p17 (76-86)
Author Location
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Epitope RSLYNTVATLY
Immunogen
Species (MHC) human (B58)
Keywords optimal epitope
References |Llano ez al.2009
» C. Brander notes that this is an B58 epitope.

HXB2 Location p17 (76-86)
Author Location
Epitope RSLYNTVATLY
Immunogen
Species (MHC) human (B63)
Keywords optimal epitope
References |Llano et al.|2009
» C. Brander notes that this is an B63 epitope.

HXB2 Location p17 (76-86)
Author Location pl7
Epitope RSLYNTVATLY
Epitope name RY11
Subtype B, C
Immunogen HIV-1 infection
Species (MHC) human (B57, B58, B63)
Donor MHC A*02, A*24, B*1517, B*58, Cw*03, Cw*07
Assay type CD8 T-cell Elispot - [FNy
Keywords rate of progression, cross-presentation by dif-
ferent HLA, optimal epitope
References |[Frahm et al.|2005

* HLA-B63-positive subjects were shown to be able to gener-
ate CTL responses early in acute HIV infection and to con-
trol HIV replication in the absence of antiretroviral treatment.
Since HLA-B63 shares the epitope binding motif of HLA-
B57 and -B58, it was shown that HLA-B63-positive individ-
uals mounted CTL responses to previously identified B57-
restricted epitopes, as well as novel, B63-restricted epitopes.
Moreover, these novel B63-restricted epitopes can also be pre-
sented by HLA-B57 and -B58.

* This is a putative HLA-B63/57/58 epitope containing the B58
supertype binding motif. Peptide reactivity was enriched
for those that carry B63, with a trend for those that carry
B57/B58. Optimal epitope was defined in an individual that
was B*1517(B63)/B58 positive.

HXB2 Location p17 (76-86)
Author Location pl7
Epitope RSLFNTVATLY
Epitope name RY11(p17)
Subtype B
Immunogen HIV-1 infection
Species (MHC) human
Country China
Assay type CDS8 T-cell Elispot - [IFNy
Keywords variant  cross-recognition ~ or  Cross-
neutralization
References [Zhai et al.|2008
¢ 49 ART-naive chronically HIV-1 infected Chinese subjects’
CTLs were tested with 413 OLPs in IFN-gamma assays, deter-
mining optimal epitopes specific for Chinese Clade B HIV-1
sequences.
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* An inverse correlation was found between CTL response and
viral load.

Targeted peptides have lower entropy than peptides that are
not CTL targeted. This correlation is independent of HLA-
restriction.

Author defined epitope RSLFNTVATLY elicited an immune
response as part of peptide TGSEELRSLENTVATLY. This
epitope differs from the previously described HLA-A30
and B58-restricted epitope , RSLYNTVATLY, at 1 residue,
RSLINTVATLY.

0 of the 15 HLA-A30 carriers responded to an
RSLfNTVATLY-containing peptide and 1 of the 14 HLA-B58
carriers responded to that peptide with average magni-
tude of CTL response of 170 SFC/million PBMC (author
communication and Fig.1).

HXB2 Location p17 (76-88)
Author Location Gag (76-84 SIV)
Epitope KSLYNTVCV
Epitope name KV9
Immunogen vaccine

Vector/Type: DNA, DNA prime with virus-
like particle (VLP) boost Strain: SIV
HIV component: Gag

Species (MHC) mouse (H-2DP)

Assay type CDS8 T-cell Elispot - IFNYy, Tetramer binding,
Intracellular cytokine staining
Keywords vaccine-induced epitopes, immunodomi-
nance, vaccine antigen design, SIV
References |Liu et al.[2006a

An SIV Gag DNA vaccine was studied in mice in order to

enhance subdominant immune responses to the KV9 epitope,

without compromising its immunodominant response to the

Gag AL11 epitope. Both epitopes share a common MHC re-

stricting allele. Novel vaccine strategies including anatomic

separation and heterologous prime-boost were investigated to

expand vaccine-elicited CTL responses. This was the first

study of its kind using DNA gene-based vaccines.

This epitope, KSLYNTVCV (KV9), was the subdominant epi-

tope studied, but it was capable of eliciting a response of com-

parable magnitude to the immunodominant epitope, AL11, in

the absence of AL11 during vaccine priming.

This subdominant epitope KV9 had an augmented response

even in the presence of immunodominant AL11, making

their responses codominant, when vaccine administration used

anatomic separation or heterologous boost strategies.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Keywords HAART, ART
References [Huang et al.|2000
* The single cell ELISPOT assay was optimized and highly spe-
cific, and found to work well even after the primary cells had
been frozen and thawed.
* Increases in gamma IFN producing cells were observed in re-
sponse to anti-retroviral therapy using single cell IFN-gamma-
production ELISPOT.
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* 4/8 A*02 subjects had a positive response to this epitope indi-
cating that it is a major epitope for CD8+ gamma IFN produc-
tion.

In 3/3 HLA A*02, B*27 individuals, the dominant response in
gag measured by both gamma IFN production and T-cell lysis
was a B27 epitope, p24(263-272), not the A2 SLYNTVATL
epitope.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Keywords HAART, ART
References [Rinaldo ez al.[2000
Administration of triple-drug antiretroviral therapy (IDV, 3TC
and ZDV) sometimes showed a transient increase and other
times failed to increase CTL responses in patients with ad-
vanced HIV disease, but there is a stable population of tetra-
mer stained HIV-specific CD8+ CD45RO+ cells that can per-
sist after therapy and long periods of virus being below the
level of detection.

HXB2 Location p17 (77-85)
Author Location p17
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Keywords HAART, ART, immunodominance
References |Scott-Algara et al.|2001

* This study examined with CTL response in HLA A*02+ chil-
dren by tetramer staining for HLA-A2 immunodominant epi-
topes SLYNTVATL and ILKEPVHGV.

* 71% of the 28 HIV-1 infected HLA-A*02 positive children
recognized both epitopes, with cells from 26 children stained
positive by the gag tetramer (SLYNTVATL) and 21 children
by the pol tetramer ILKEPVHGV)

» There were no differences observed in children that had ther-
apy versus those that did not.

¢ Tetramer-binding cells were memory activated CD28-,
CD45R0O+, CD45RA- HLADR+, CD69-, CD8+ T-cells.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name GAG
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Country France
Assay type Cytokine production, Tetramer binding, In-
tracellular cytokine staining, Flow cytomet-
ric T-cell cytokine assay
Keywords responses in children, characterizing CD8+ T
cells
References |Scott-Algara et al.[2005
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* Only a fraction of HIV-1-specific CD8 T-cells detected in
the PBMC of 17 infected children (ages 2-18) were able to
produce cytokines (IFN-gamma, TNF-alpha) or chemokines
(CCLA4, CCLYS) after stimulation with the cognate peptide. A
negative correlation was found between the plasma viral load
and the precentage of CD8+ Gag-specific T-cells secreting
IFN-gamma. Tetramers used in this study were SLYNTVATL-
HLA-A*02 and ILKEPVHGV-HLA-A*02.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Country United States
Assay type Intracellular cytokine staining, Other
Keywords rate of progression, escape, immune evasion
References [Karlsson et al.|2007
To correlate evolving HIV-1 populations with HLA-A2 re-
stricted immune responses for epitopes in Gag, Pol, Env and
Nef, 11 treatment-naive subjects were longitudinally stud-
ied. Results show that increased viral load is often associ-
ated with broad CTL responses early in infection that persist
as an "immunological footprint". Conversely, early, restricted
responses may help limit viral load. Phylogenetic and func-
tional evidence of viral escape is seen in Gag, Nef and Pol.
Gag and Nef show flanking epitope changes restricted by non-
HLA-A2 alleles. As far as modes of viral adaptation, CTL re-
sponses were seen to develop both against static viral popula-
tions resulting in viral evolution to HLA-A2 as well as against
existing mutants resulting in reselection of consensus B-like
variants. This study reinforces that CTL immune responses
detected are not necessarily beneficial to patients, but may be
"footprints" from early effective responses that the virus has
since escaped.
The major pl17 Gag SL9 epitope, SLYNTVATL, varied to
SLYNTIATL with change V82I at position 6 and SLfNTiATL
with an additional change Y79F at position 3. The 79F mu-
tant elicited lower magnitude and functional avidity responses
than 821 and 79F82I mutants. Even so, in time most variants
were Y79F which showed positive selection. This Y79F mu-
tant was seen combined with upstream changes E62G/V/A. In
combination with 62E and 62G however, the Y79F mutant did
not propagate successfully. Later, in combination with 62A
the 79F mutant coincided with increasing viral load.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Assay type CTL suppression of replication
Keywords class I down-regulation by Nef
References [Adnan ez al[2006
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e The impact of Nef on antiviral activity was studied. CTL-
targeting epitopes were susceptible to the effects of Nef, both
in late (Gag, RT, Env) and in early proteins (Rev, Nef), al-
though to a lesser degree in early proteins. HLA-C-restricted
CTLs (unlike HLA-A and HLA-B) were unaffected by Nef
both in early (Nef) and late (Env) proteins.

e Late protein Gag epitope SLYNTVATL-recognizing CTLs
were affected by Nef.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection, in vitro stimulation or selec-
tion
Species (MHC) human (A*02)
Assay type Other
Keywords kinetics
References |Wick et al.|2005
» Experimental and mathematical models were used to estimate
the number of HIV-infected cells that can be killed by CD8+
T-cells. On average, CTLs can kill from 0.7 to 3.0 cells/day.
¢ CTL clone 18030D23 recognizes epitope SLYNTVATL and
was used to study the inhibition of HIV-1 replication in acutely
infected cells in vitro.

HXB2 Location pl17 (77-85)
Author Location
Epitope SLYNTVATL
Subtype B, C
Immunogen HIV-1 infection
Species (MHC) human (A*02)

Keywords review, epitope processing, rate of progres-
sion, escape, immune evasion, viral fitness
and reversion, optimal epitope, HLA associ-
ated polymorphism, compensatory mutation

References [Blankson et all2006
* Based on two papers, Iversen 2006 and Frahm 2006, the au-
thors point out that in choosing epitopes for use in AIDS vac-
cines not only immunogenicity but fitness cost of escape mu-
tations must be considered. Thus immunization may be made
to both wild-type and common escape variants.
e Frahm et al. showed subdominant epitopes of an HLA-
B*1503 restricted response to HIV were able to reduce
viremia. Thus, while epitopes that lack sequence variation
may form good targets, so would subdominant epitopes.
Iversen et al. found 2 pathways of conservative residue change
that affect CTL epitope contacts with HLA-A*02: one ac-
quiring escape mutations (SLfNTiAvL) and the other retaining
or reverting to index residues in Gag protein’s SLYNTVATL
(SL9) epitope.
Since viral loads in patients with escape mutations in SL9 are
typically lower, it is suggested that CTL responses to subdom-
inant epitopes in such patients may be involved in replication
control.

HXB2 Location pl17 (77-85)
Author Location
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
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Species (MHC) human (A*02)
Country United States
Assay type CD8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay
Keywords characterizing CD8+ T cells
References |Addo et al.l[2007
* Maturation phenotypes of CTLs were compared between
HIV-1 Controller and Progressor subjects.  Controllers
were found to recognize a median of 18 epitopes com-
pared to 15 by Progressors. While Controllers cer-
tainly had higher frequencies of terminally differentiated
effector CTLs (CD45RA+/CCR7-), Progressors had higher
mean frequencies of CD45RA-/CCR7- effector memory,
CD45RA-/CCR7+ central memory (statistically significant)
and CD45RA+/CCR7+ naive CTLs. No correlation was seen
between CTL effector phenotype and either HLA-type or epi-
tope.
* A*02-restricted epitope SLYNTVATL does not correlate with
any particular CTL maturation phenotype.

HXB2 Location pl7 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SL9
Subtype A,B,C,D,F G, K
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Country United States
Assay type Chromium-release assay, Other
Keywords subtype comparisons
References [Bennett et al.[2008
Cross-clade CTL epitope recognition was tested for func-
tional responses by CTL suppression using endogenously de-
rived cell-surface epitopes rather than supraphysiologic ex-
ogenously added peptide epitopes. Functional avidity was
actually diminished in non-autologous clade epitopes, call-
ing into question current methods for assessing cross-clade or
standard CTL activity and therefore vaccine design.
SL9 epitope variants used were SLYNTVATL for clades
B/A1/C/D, SLYNTVAVL for clades A2/F1, and SLENTVATL
for clades G/K. Clade B-elicited CTLs recognized epitopes
from all other clades when tested by Cr-release. Suppression
of HIV replication however, as well as functional avidity were
reduced for different clade consensus epitope sequences.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A*02)

Assay type Intracellular cytokine staining, Flow cyto-
metric T-cell cytokine assay, CTL suppres-
sion of replication

Keywords escape, TCR usage

References [Varela-Rohena ef al.2008
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¢ An SL9-specific CTL line was used to isolate a supraphysio-
logically binding TCR, but its dwell time of interaction was
<1 min. All escape mutants were able to bind this CTL line
and activate CTLs, giving stronger polyfunctional responses
that controlled the replication of multiple HIV isolates. This
is in contrast to WT TCR-expressing CTL lines.

e Escape variants include SLINTVATL (Y3F), SLINTVAvL
(Y3F T8V), SYfNTIAvL (Y3F V6I T8V) and SLhNTVATL.

* A modified ’suppression of HIV’ assay was used in this study.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*02)
Country Australia, Canada, Germany, United States
Keywords HLA associated polymorphism
References |Brumme ez al.[2008a

* 98 newly infected patients were studied to track early host
HLA and Gag/Pol/Nef epitope immune responses’ association
with viral evolution. Response hierarchies were the same as
those for later infection, and 50% of the most rapidly substi-
tuting epitopes were restricted by protective HLA, e.g. Gag
B*57-associated mutations which were the most rapidly re-
verting upon transmission to a non-B*57-host. While there
are great differences in mutation rates and reversions across
the HIV proteome, most early viral change is driven by im-
mune pressure.

* HLA-driven epitope evolution was seen in 80% of published
CTL epitopes.

* HLA-A*02-associated substitution within optimally defined
epitope SLYNTVATL is at position A7, SLYNTVaTL. Fre-
quency of escape at this position, however, was 0. Escapes
reported at positions 3, 6, 8 are actually associated with other
overlapping epitopes of HLA-A*29 and -Cw*14.

HXB2 Location pl17 (77-85)

Author Location Gag

Epitope SLFNTVATL
Epitope name SFL9
Immunogen computer prediction
Species (MHC) human (A*02)
Keywords TCR usage
References |Frankild ez al.|2008

e TCR can recognize multiple and distinct ligands. A model
of TCR peptide recognition using amino acid similarity matri-
ces is developed here, to predict cross-reactivity within diverse
CTL epitopes. The ability of TCRs to recognize unrelated
peptides with high specificity is termed "poly-specificity"
here.

* Non-immunogenic HIV peptides were found to be similar to
human self-antigens, suggesting that sequence similarity to
self-antigens is what discriminates between immunodominant
and cryptic epitope-elicited CTL responses.

» TCR specificity is position dependent in SLFNTVATL, similar
aa substitutions usually do not affect TCR recognition of epi-
topes. In this epitope, position 1 is consistently of less impor-
tance and can tolerate mutation. Position 5, however, can only
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tolerate one possible mutation, TSS, to SLENsVATL. Postions
2-6, and 8-9 are most important for peptide recognition and
positions 2 and 9 determine peptide binding.

HXB2 Location p17 (77-85)
Author Location Gag

Epitope SLYNTVATL

Epitope name SL9
Subtype B
Immunogen HIV-1 infection

Species (MHC) human (A*02)

Country Canada

Keywords HLA associated polymorphism
References |Brumme et al.|2008b!

A large chronically infected, treatment naive cohort was stud-
ied to identify and organize HLA I-associated polymorphisms
in Gag into an immune escape map. Insertion polymor-
phisms at p17 C-terminus were associated with HLA-B*44,
-A*32, -C*05. Inverse correlations were found between num-
ber to HLA-associated sites and pVL as well as escaped Gag
residues and pVL. pVL positively correlates with CD4 T-cell
count. No enrichment for HLA-associated polymorphisms are
seen at anchor residues, showing that CTL escape is primarily
not through abrogation of peptide-HLA binding.
No HLA-A*02 associated substitutions were seen in pl7
SLYNTVATL.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)

Epitope SLFNTVATL
Epitope name SL9

Subtype Al

Immunogen HIV-1 infection

Species (MHC) human (A*02)

Country Kenya

Keywords epitope processing, escape
References |Peters et al.|2008a

Gag sequences from 468 HIV-1 positive sex workers from the
Kenyan Pumwani cohort were analyzed to bioinformatically
identify positively selected residues that could be related to
antigen processing. Mutation effects on disease progression
were followed by mean CD4 counts. This method is also
one way of identifying potential CTL epitopes and classify-
ing them.
A Gag positive selection map was generated and sites were
classified as beneficial or harmful to HIV. They were corre-
lated to antigen processing (proteasomal cleavage), antigen
presentation (TAP transport efficiency) and T-cell receptor
binding.
pl7 and p24’s structural constraints limited their diversity,
while p7-p1-p6 showed a higher average entropy.
HLA-A*0201-restricted SL9, SLENTVATL, has positively
selected F79Y i.e. SLyNTVATL and T81A i.e. SLFNa-
VATL. SLyNTVATL has significant positive correlations with
HLA-A*0202 and negative correlations with HLAs-A*0101,
A*3002 and A*3601. The negative correlations suggest that
Phe(F) is an escape mutation within SL9 that became fixed in
the population. Mutation T81A is negatively correlated with
HLA-A*0201. Other positive selections are mutations flank-
ing SL9, viz. L75I and 192M correlating to HLA-A*02 and
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are possible peptide processing and recognition mutants. An-
other HLA-A*0201-restricted SL9 mutation, V821, SLFNTi-
ATL, correlates with a decrease in CD4 counts.

HXB2 Location p17 (77-85)

Author Location Gag (77-85)
Epitope SLYNTVATL
Subtype B

Immunogen HIV-1 infection
Species (MHC) human (A*02)
Country Canada, South Africa
Keywords escape
References |Carlson et al.|2008

e A statistical model, the phylogenetic dependency network
(PDN), was developed to differentiate the confounding ef-
fects of codon variation, linkage disequilibrium of HLA alleles
and HIV phylogeny from HLA-associated evolution including
HIV selection by HLA-pressure and codon evolution.

e This approach was applied to 2 cohorts of 1144 Gag se-
quences from HIV-infected individuals, generating associa-
tions between HIV codons themselves and codons with HLA
alleles. Results generated predicted escapes that confirmed
that escape kinetics and compensating mutations are consis-
tent across clades. General patterns of covariation and CTL
adaptation were determined. Some clade-based differences
were identified.

* HLA-A*02-restricted, clade B consensus SL9, SLYNTVATL,
has previously reported escapes that PDN did not find.

HXB2 Location p17 (77-85)

Author Location Gag (77-85)
Epitope SLFNTVATL
Subtype C

Immunogen HIV-1 infection
Species (MHC) human (A*02)
Country Canada, South Africa
Keywords escape
References |Carlson et al.[2008

* A statistical model, the phylogenetic dependency network
(PDN), was developed to differentiate the confounding ef-
fects of codon variation, linkage disequilibrium of HLA alleles
and HIV phylogeny from HLA-associated evolution including
HIV selection by HLA-pressure and codon evolution.

» This approach was applied to 2 cohorts of 1144 Gag se-
quences from HIV-infected individuals, generating associa-
tions between HIV codons themselves and codons with HLA
alleles. Results generated predicted escapes that confirmed
that escape kinetics and compensating mutations are consis-
tent across clades. General patterns of covariation and CTL
adaptation were determined. Some clade-based differences
were identified.

o HLA-A*02-restricted, clade C consensus SL9, SLFNTVATL,
has previously reported escapes that PDN did not find.

HXB2 Location pl7 (77-85)
Author Location (LAI)
Epitope SLYNTVATL
Epitope name SOL
Subtype B
Immunogen HIV-1 infection, vaccine
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Vector/Type: protein Strain: B clade HIV
component: p24 Gag Adjuvant: Other
Species (MHC) human, transgenic mouse (A*02.01)
Country France

Assay type proliferation, CD4 T-cell Elispot - IFNy,
Chromium-release assay, Other

Keywords computational epitope prediction, Th1l

References |Pajot ef al.|2007

* HLA class I/II-transgenic, H-2 class I/Il knockout mice, pre-
viously used to characterize responses to Hepatitis B vaccine,
were used in this study to analyze the HLA-DRI1-restricted
HIV-1 Gag epitopes.

* Peptides were selected with the TEPITOPE algorithm.
Of 9 selected peptides 7 were previously reported epi-
topes and 2 (LLVQNANPDCKTILKALGPA, KTIL-
KALGPAATLEEMMTAC) were novel.

* Human relevance of the 2 novel epitopes was established by
assaying PBMC from HIV-1-infected long term asymptomatic
subjects. KTILKALGPAATLEEMMTA primed CD4+ cells
from 2 HLA-DRI seronegative donors in vitro.

* Th1 helper potential was demonstrated for 7 structurally con-
served epitopes and was particularly strong with YKTL-
RAEQASQEVKNWMTET, LLVQNANPDCKTILKALGPA,
NKIVRMYSPTSILDIRQGPK.

* Epitope SOL was one of 2 CTL reporter epitopes in recom-
binant mouse invariant chain constructs used for readout in a
penatmer staining assay.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 HXB2)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords epitope processing, immunodominance, es-
cape
References Brander ez al.[1999

* Multiple natural variations in the SL9 flanking regions of
the immunodominant epitope SLYNTVATL were tested and
found not to adversely affect CTL recognition or prevent
epitope processing, suggesting that viral escape from the
HLA-A*0201-restricted CTL response against SLYNTVATL
is probably not linked to variations in the flanking regions of
this epitope.

» The substitution Y79F was an escape mutation in that it in-
terfered with CTL recognition by one CTL clone from an
A*0201 infected individual, clone 13010.B17, but it was still
recognized by another CTL clone, 115.D4.

HXB2 Location p17 (77-85)
Author Location pl17
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords acute/early infection
References [Wilson ez al.|2000a
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Three individuals with highly focused HIV-specific CTL re-

sponses were studied during acute infection using tetramers —

high frequencies of HIV-1-specific CD8+ T cells were found
prior to seroconversion, and there was a close temporal re-

lationship between the number of circulating HIV-specific T-

cells and viral load was also found.

All three patients were B*2705, with HLA alleles: Al,

A30/31, B*¥2705, B35; A1, A*0301, B7, B2705; and A*0201,

A*0301, B2705, B39.

* ELISPOT was used to test a panel of CTL epitopes that had
been defined earlier and were appropriate for the HLA haplo-
types of the study subjects — 3/3 subjects showed a dominant
response to the B*2705 epitope KRWIILGGLNK.

* The subject with A*0201 had a moderately strong response to
SLYNTVATL.

e Weak responses were observed to A*301-RLRPGGKKK,
A*301-QVPLRPMTYK, and B7-TPGPGVRYPL in the sub-
ject who was HLA A1, A*0301, B7, B*2705.

* No acute response was detected to the following epi-

topes: A*201-ILKEPVHGYV, A*301-KIRLRPGGK, A*301-

AIFQSSMTK, A*301-TVYYGVPVWK, B35-EPIVGAETF,

B35-HPDIVIYQY, B35-PPIPVGEIY, B35-NSSKVSQNY,

B35-VPLRPMTY, B35-DPNPQEVVL.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References [Tan et al.[1999
Adoptive transfer of two autologous in vitro-expanded CTL
clones against the A*0201 restricted epitopes SLYNTVATL
and VIYQYMDDL were infused into a patient — they were
well tolerated, but the SLYNTVATL clone was shown by tet-
ramer staining to be rapidly eliminated through apoptosis, and
the treatment had no impact upon viral load and CD4 and CD8
cell counts.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords immunodominance
References [Betts et al.|2000
¢ Only 4/11 HLA-A2+ HIV+ individuals had CTL that reacted
to SLYNTVATL, calling into question whether it is immuno-
dominant.
95 optimally-defined peptides from this database were used to
screen for INFy responses to other epitopes.
Individuals who did not respond to SLYNTVATL recognized
other HIV epitopes, and 2/4 SLYNTVATL responders had
stronger responses to epitopes restricted by other class I al-
leles.
SLYNTVATL was the only response detected in a one individ-
ual that was HLA A*0201, B44, B70.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
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Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References |Ogg et al.|1999
* CTL effector levels were measured after potent ARV ther-
apy using HLA-tetramer complexes for the A*0201 epitopes
SLYNTVATL and ILKEPVHGYV in seven patients, and the
B*3501 epitope DPNPQEV VL in one additional patient.
* Levels of CTL effectors typically decline for 5-7 days and then
rebound, fluctuating during the first two weeks of therapy.
* After the early fluctuation, there was a steady exponential de-
cay with a median half-life of 45 days.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Altman et al.[1996
* This paper introduces the tetramer methodology that permits
quantification of specific CTL based on expression of specific
TCRs — HLA-A2 tetramers were prepared that can stain CTL
lines specific for ILKEPVHGV and SLYNTVATL, and quan-
titate HIV-specific CD8+ cell lines in freshly isolated PBMCs.
* Three patients only stained the Gag epitope SLYNTVATL, one
patient had the highest frequency of tetramer staining to the
Pol epitope (0.77%), less to the Gag epitope (0.28%).

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References |Gray et al.|[1999
* Administration of highly active antiretroviral therapy
(HAART) reduced CD8+ cell frequency, and the CD8+ cells
detected by tetramer staining were likely to be memory cells,
indicating that persistently replicating viral populations are
needed to maintain high frequencies of HIV-1 specific CTL.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 SF2)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords subtype comparisons
References IMcAdam et al.|1998
* CTL from a patient infected with clade B virus did not recog-
nize the clade A analog of this epitope.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
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Keywords TCR usage
References [Wilson et al.[1998al
HIV+ individuals were followed longitudinally using MHC
tetramers in combination with 14 anti-BV chain MAbs, and
clonal expansion of HIV-specific T cells was followed in vivo.
Seven HIV+ people were studied, and all showed expansions
of particular TCR BV clones, often several, relative to unin-
fected controls.
Three patients were followed in detail, TCR VB expansions
persisted for 2 to 3 years, with occasional transient increases.
* An A2-Gag specific line from one patient was found to be
BVS, and at its highest level represented 17.5% of the patient’s
CD8+ T cells.

.

.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Ogg et al.[|1998b:
HLA-tetrameric complexes were used in a cross-sectional
study of 14 untreated HLA A*0201 positive individuals, re-
vealing an inverse relationship between HIV Gag and Pol spe-
cific CTL effector cells (CTLe) and viral load.
Inclusion of both the p17 SLYNTVATL and RT ILKEPVHGV
epitopes gives a good representation of HLA A*0201-
restricted activity.
No correlation was observed between the CTLe and CD4
count or clearance rate of productively infected cells.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
Keywords epitope processing
References [Walter et al.|1997
¢ HLA-A2 heavy chain and B2-microglobulin expressed in E.
coli were refolded in the presence of this peptide.
e The HLA-A2-peptide complex elicited HLA-A2 peptide-
specific CTL response in cells lacking HLA-A2.
* Suggests that preformed HLA-peptide complexes could pro-
vide an alternate to intracellular processing for immunogens.

HXB2 Location pl17 (77-85)

Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |[Lalvani ef al.[1997

* A peptide-based protocol was optimized for restimulation of
CTLp using optimized peptide and IL-7 concentrations — im-
portantly this protocol does not stimulate a primary response,
only secondary — peptide-specific CTLp counts could be ob-
tained via staining with peptide-Class I tetramers.
This peptide was one of the test peptides for optimizing the
protocol.

HIV Molecular Immunology 2009
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HXB2 Location p17 (77-85)
Author Location pl7 (76-84)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
References |van der Burg ef al.|1996
* Slow dissociation rate is associated with immunogenicity.
* CTL generated by in vitro stimulation of PBMC derived from
uninfected individual.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords review, escape
References |Goulder et al.|1997¢;|Goulder ef al.|1997a

HLA-identical siblings, hemophiliac brothers, were both in-
fected with the same batch of factor VIIIL.

One had a response to gag A2 epitope SLYNTVATL, the other
to pol A2 epitope ILKEPVHGV. They were tested 6-8 years
after infection.

Viral sequencing from the twin that had no response to
SLYNTVATL indicated his virus had the substituted form SL-
HNAVAVL.

71% of an additional set of 22 HIV-1 infected HLA-A*0201
positive donors preferentially responded to gag SLYNTVATL.
Those individuals with a pol ILKEPVHGYV response tended
to have mutations in or around SLYNTVATL.

An additional subject went from SLYNTVATL responder to
non-responder coincident with a switch to the variant SLENT-
VATL.

Goulder et al.|[1997a] is a review of immune escape that sum-
marizes this study.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords review
References |Goulder ez al.|1997a

* This paper is a review of CTL and immune evasion, but it
presents a study of a shift from an HLA-A*0201 response to
SLYNTVATL, to a B62 response to GLNKIVRMY.

* As long as a strong CTL response to SLYNTVATL was evi-
dent, the epitope variants SLENTVATL or SLYNTIATL domi-
nated the viral population — eventually the CTL response to the
index peptide became undetectable, the CTL response shifted
to a focus on GLNKIVRMY, and the index peptide SLYNT-
VATL once again established itself as the dominant form.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
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Species (MHC) human (A*0201)
Keywords HAART, ART
References |Gray et al.|1999

* Peptide-tetramer complexes of A*0201 and SLYNTVATL
or ILKEPVHGV were used to study individuals receiving
HAART to determine the frequency of Class I HLA-restricted
anti-HIV CD8+ T cells.

* 17/18 asymptomatic patients had a CTL response to one or
both epitopes — 72% had a CTL response to SLYNTVATL.

» After HAART, the majority of the epitope-specific CTL were
apparently memory cells.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 subtype A)
Epitope SLFNTVATL
Epitope name SL9
Subtype A
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords subtype comparisons
References |Dorrell ez al.l|[1999

e CTL responses in three individuals with non-clade B infec-
tions were studied, two with subtype A infections, one with
subtype C — their infections all originated in East Africa.

» This epitope is most commonly SLYNTVATL in B subtype,
and CTL from the C subtype infection did not recognize B
clade gag or the 3Y form of the epitope, but did recognize the
predominant A and C clade form, SLENTVATL.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords immunodominance
References |Brander et al.|1998a
* Of 17 infected HLA A*0201 subjects, 13 had CTL re-
sponses against the p17 SLYNTVATL epitope, six recognized
ILKEPVHGYV and five recognized VIYQYMDDL, and there
was no correlation between viral load and recognition of a spe-
cific epitope.
* Only one subject had CTL against all three epitopes.
* There was significant heterogeneity in the CTL response to
this immunodominant epitope.
The overall variation in this epitope among the 17 who had a
CTL response and 11 non-HLA A*0201 HIV-1 + individuals
was similar, suggesting a lack of immune pressure.
Subjects were part of the San Francisco City Clinic Cohort,
the ARIEL project and from the Boston area.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85 HXB2)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords rate of progression, immunodominance
References Hay ef al.|1999
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* CTL response to IPRRIRQGL was the immunodominant re-
sponse in a rapid progressor — there was a subdominant
response to SPAIFQSSM in Pol, and interestingly, no re-
sponse to commonly immunodominant HLA A*0201 epitope
SLYNTVATL, although this individual was HLA A*0201.
The individual showed a strong initial CTL response at the
time of the initial drop in viremia, but it was quickly lost, al-
though memory cells persisted.

Despite the initial narrow response to two epitopes, no other
CTL responses developed.

No HIV-specific lymphoproliferative responses were detected
in this patient, and neutralizing antibody response was weak.
A variant of this epitope was observed in vivo (-F—-V-), but
this mutation is recognized by SLYNTVATL-specific CTL,
and in this case the patient’s cells could present the peptide
to SLYNTVATL-specific CTL.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References [Kalams et al.ll1999b
* Two patients were followed before and after HAART — re-
duced plasma HIV-1 RNA levels resulted in a decline in HIV-
specific in-vivo activated CTL such that by day 260 CTL ac-
tivities were undetectable.
* ERYLKDQQL was the dominant response in one of the indi-
viduals, SLYNTVATL subdominant.
» Sporadic breakthrough in viremia resulted in transient in-
creases in CTLp.
* Memory CTL frequency directed against Vac-Gag, Vac-RT,
Vac-Env, and Vac-Nef initially increased with HAART and
then decreased with the decline of the viral load.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References [Spiegel et al.|2000

* High levels of CD8+ HIV-1 specific and cytomegalovirus spe-
cific CTL were detected by HLA-A*0201-peptide tetramers in
3 infected subjects with very low CD4 counts, but CD8 T cell
mediated effector activity was not seen.

* Thus HIV-1 specific CD8+ cells may be present but may lack
direct effector activity in late disease, suggesting that over-
coming antigen unresponsiveness may be a useful therapeutic
strategy.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Larsson ez al.[1999
* ELISPOT was used to assay the CD8+ T-cell response to the
HIV-1 proteins Gag, Pol, Nef or Env expressed in vaccinia
vectors in 19 HIV+ people.
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* The highest CTL frequency was directed at epitopes Pol.

e In A*0201 individuals, higher numbers of spot-forming T
cells were directed against HIV-1 proteins expressed in vac-
cinia than to peptides SLYNTVATL and ILKEPVHGYV pre-
sented by A2.

HXB2 Location p17 (77-85)
Author Location pl7 (SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords subtype comparisons, immunodominance
References |Goulder ez al.|2000a
The CTL-dominant response was focused on this epitope in
11/25 HLA A2 (A*0201 or A*0202) HIV+ individuals from
Boston and in 1/8 HLA A2 HIV+ individuals from Durban.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptidles RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) con-
tained dominant Gag-specific epitopes in 32/37 C-clade in-
fected subjects from South Africa.

.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Subtype B
Immunogen
Species (MHC) human (A*0201)
Keywords optimal epitope
References |Llano e al/2009
» C. Brander notes this is an A*0201 epitope.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 SF2)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords escape, acute/early infection
References |Goulder et al.[2001al

» This epitope is targeted by 75% of HLA-A*0201, HIV+
adults, and the magnitude of the response is inversely corre-
lated with viral load.

* CTL responses to SL9 and autologous SL9 variants were not
detected in 11 HLA-A*0201 positive subjects during acute in-
fection.

* Longitudinal studies of two individuals (AC13 and PI004)
showed that the initial control of viremia was independent of
the SL9 CTL response.

* Low Gag expression levels did not correlate with the delayed
CTL response to this epitope.
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* Autologous SL9 variants SLYNTIAVL, SLYNTVAVL,
SLENTVATL, SLFNTVATL, and SLENTVATL are each
capable of inducing a range of CTL responses, sometimes
strong, sometimes diminished, and sometimes complete es-
cape relative to the wild type variant SLYNTVATL in patients
with chronic HIV-1 infection — the ability to cross-react with
a particular variant was patient dependent.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name pl17 SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords subtype comparisons, supertype, computa-
tional epitope prediction

References |Altfeld e al.|2001c
* HIV was scanned for all peptides which carried the A2-
supermotif pattern conserved in more than 50% of B clade
sequences — 233 peptides met this criteria, and 30 of these
bound to HLA-A*0201 — 20/30 bound to at least 3/5 of HLA-
A2 supertype alleles tested.
Three additional previously described HLA-A?2 epitopes were
added to the set of 20, including p17 SL9, and 18/22 chron-
ically infected HLA-A2 individuals had CTL that recognized
at least one of the 23 peptides (median of 2 and maximum of
6), while 6/12 acute infected individuals recognized at least 1
(median of 1 and maximum of 2).
p17 SL9 was recognized in 12/22 patients with chronic HIV-1
infection.
Only 1/13 patients with acute HIV-1 infection recognized p17
SLO.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name (SL9)
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Goepfert ef al.[2000
* This paper describes a comparison of results of different CTL
assays, a SL9 tetramer assay and IFN-gamma ELISPOT, using
7 HIV-positive patients.
The IFN-gamma ELISPOT assay was compared using the sin-
gle SL9, a pool of overlapping 20 mers, and recombinant vac-
cinia encoding Gag as antigen — pooled peptides gave the high-
est number of spot forming cells, vaccinia gave high back-
ground.
A correlation with results of the tetramer assay was found only
for ELISPOT using the Gag epitope as antigen, but the tetra-
mer assay detected a 10-fold higher number of cells than could
produce IFN-gamma in the ELISPOT assay — the authors sug-
gest not all tetramer-positive cells may produce IFN-gamma,
some may be undergoing apoptosis, some may be producing
other cytokines.
The tetramer assay could detect a reaction to SLYNTVATL
in most of the HLA-A*0201 chronically HIV-1 infected study
subjects.

HXB2 Location p17 (77-85)
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Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen
Species (MHC) human (A*0201)
Keywords binding affinity
References |Sandberg et al.|2000
 This epitope served as a positive control in a study comparing
peptide binding affinity to HLA-A201 to CTL responses upon
vaccination with a nef DNA vaccine.

HXB2 Location p17 (77-85)
Author Location Gag (LAI)
Epitope SLYNTVATL
Subtype B
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
Keywords dendritic cells
References [Engelmayer et al.[2001
* Recombinant canarypox virus vector containing HIV-1 se-
quences, upon infection of mature dendritic cells, can trigger
specific lysis through in vitro by T-cells from HIV-1 infected
individuals at levels comparable to the response seen to HIV
carried in vaccinia vectors.
* Recombinant canarypox virus vector containing HIV-1 se-
quences can also stimulate HIV-specific CD4+ helper T-cell
responses.

HXB2 Location p17 (77-85)

Author Location p17 (77-85 LAI)
Epitope SLYNTVATL
Epitope name G3
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART
References [Mollet et al.|2000

* A panel of 16 epitopes covering 15 class I alleles was tested
in 14 HIV+ patients from an unselected Caucasian popula-
tion treated with HAART, using tetramer staining or CD8+
cell [FNgamma production to measure responses.
In general, during the first month of treatment viral load
decreased and frequencies of HIV-specific CTL tripled and
broadened — eight new HIV specificities that were not pre-
viously detectable were newly detected, as were CMV spe-
cific CD8+ PBL — but with continued viral suppression, HIV-
specific responses diminished.
Viral rebounds gave different patterns of response: increases
or decreases in pre-existing response, new specificities, or no
change.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Gea-Banacloche et al.|[2000
¢ In a study including many long-term non-progressors, no cor-
relation between plasma virus levels and number of HIV-
specific CD8+ T-cells was found.
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* High frequencies of circulating CD8+ T-cells were HIV-1 spe-
cific, and the majority of these responses were to gag-pol gene
products.

* 4/21 subjects were HLA-(A*0201), and of these only 2 sub-
jects (patient 3 and 19) tested positive to this epitope.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords supertype, rate of progression
References |Propato et al.[2001
* Long-term nonprogressors (LTNPs) had strong memory rest-
ing CD8+ T-cell responses against the majority of epitopes
tested, (18 for the A2 supertype, 16 for the A3 supertype)
while the effector cells of long-term nonprogressors recog-
nized far fewer epitopes.
Progressors had memory resting CD8+ T-cells that recognized
far fewer epitopes than LTNPs.
A positive correlation between effector CD8+ T-cells and
plasma viremia and a negative correlation between CD8+ ef-
fector T-cells and CD4+ T-cells was observed, which may con-
tribute to the inability of LTNPs to clear virus.
Tetramer staining with A2, beta2microglobulin, and either
SLYNTVATL, KLVGKLNWA, or LTFGWCFKL revealed
that tetramers detected more HIV-specific sells in LTNP than
in progressors, activated effector cells were the minority pop-
ulation, and ELISPOT correlated better with the effector cell
subpopulation than the total tetramer stained population.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords HAART, ART, rate of progression
References Jin et al.l2000a
» The CTL effector levels (CTLe) were compared in long term
non-progressors (LTNP) with low viral load and in patients
whose virus was well-suppressed by therapy, using a tetramer
assay.
* LTNPs have high memory CTLe numbers and low viral load,
while HAART patients had low CTLe numbers and low viral
load.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Appay ef al.[2000.

* Combined tetramer and intracellular cytokine staining was
used to study the function of circulating CD8+ T cells specific
for HIV and CMV.

» HIV-specific CD8+ T cells expressed lower levels of perforin
than CMV-specific CD8+ T cells from the same donor, and
this was associated with persistent CD27 expression on HIV-
specific cells, suggesting impaired maturation.
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* In most donors, between 50% and 95% of the activated virus-
specific CD8+ T cells produced IFN-y and MIP-1[3 with a dis-
tinct subset that failed to produce TNF-o..

HXB2 Location p17 (77-85)

Author Location p17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
References |Goulder ez al.|2000b

» Tetramer assays were compared with three functional assays
in 42 people with chronic HIV infection: ELISPOT, intracel-
lular cytokine staining, and precursor frequency (limiting di-
lution assay [LDA]).
HIV-specific tetramer staining CTLs appeared to be active,
and inert CTL were not found to play a significant role in
chronic pediatric or adult HIV infection.

HXB2 Location p17 (77-85)
Author Location p17
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords dendritic cells
References |Ostrowski et al.|2000
The role of CD4+ T-cell help in expansion of virus-specific
memory CTL was studied through co-culture ex vivo.
Optimal expansion of HIV-1-specific memory CTL depended
on CD4+ T cell help in 9/10 patients — CD40 ligand trimer
(CD40LT) could enhance CTL in the absence of CD4+ T cell
help to a variable degree in most of patients.
Those CTL that didn’t respond to CD40LT could expand with
IL2 present, and IL15 produced by dendritic cells also con-
tributes.
The T-helper epitope used for CD4+ T cell stimulation was
the universal tetanus helper epitope TET830-843 (QYIKAN-
SKFIGITE).

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Subtype B
Immunogen vaccine
Vector/Type: canarypox prime with gp120
boost, canarypox prime with gpl60 boost
Strain: B clade LAI, B clade MN, B clade
SF2 HIV component: Gag, gpl20, gp4l,
Nef, Pol
Species (MHC) human (A*0201)
Keywords vaccine-specific epitope characteristics
References |Ferrari et al.[2001

« Different HIV strains were used for different regions: gp41
LAI Gag LAI gp120 MN, gp120 SF2.

* Two vaccinees with Gag responses were HLA-A*0201+, but
neither made SLYNTVATL responses to the Gag vaccine, in
contrast to its frequent recognition in natural infections. No
HLA-A*0201 responses were observed to an Env vaccine.

HXB2 Location p17 (77-85)
Author Location

HIV Molecular Immunology 2009

HIV CTL/CD8+ Epitope Tables

Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords rate of progression, immunodominance
References [Migueles & Connors|2001
* CTL activity was monitored in 27 individuals, including 10
LTNP with an over-expression of HLA B*5701 — these indi-
viduals have viral loads below the threshold of infection with-
out therapy, and their immune response tends to be focused on
peptides that contain B*5701 epitopes ISPRTLNAW, KAF-
SPEVIPMF, TSTLQEQIGW, and QASQEVKNW.
* CTL responses are broader in B¥5701+ individuals with pro-
gressive viremia than those that control viremia.
* The HLA-A*0201 SLYNTVATL epitope response was not as
strong in individuals that carried both A2 and B57.

HXB2 Location pl17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords epitope processing, immunodominance
References [Sewell e al.|2002:
* Epitope processing of three different HLA-A*0201 HIV epi-
topes was shown to use different pathways, which might in-
fluence patterns of immunodominance. 174 cells were used
that lack TAP1 and TAP2 genes, as well as the LMP2 and
LMP7 genes that encode the beta-subunits of the immunopro-
teasome. These genes could be added back through transfec-
tion to study processing.
ILKEPVHGYV was efficiently presented in TAP-1 and -2 trans-
fected cells while VIYQYMDDL and SLYNTVATL were not.
VIYQYMDDL was destroyed by the MB1 subunit of the pro-
tease, and could be expressed in the presence of the protea-
some inhibitor lactacystin, but SLYNTVATL expression was
not restored. SLYNTVATL expression was unaltered by lacta-
cystin in a wild type cell line.

HXB2 Location pl7 (77-85)
Author Location Gag (ADA)
Epitope SLYNTVATL
Epitope name SL-9
Subtype B
Immunogen HIV-1 infected monocyte-derived
Species (MHC) mouse (A*0201)
References |[Poluektova et al/2002
* Nonobese diabetic NOD-C.B-17 SCID mice were reconsti-
tuted with HLA-A*0201 positive human PBL and injected
with HIV-1 infected monocyte-derived macrophages MDM
in the basal ganglia to provide a mouse model of HIV-1 en-
cephalitis.
HLA-A*0201 CTL responses were detected by tetramer stain-
ing in the spleen in seven days, increased through day 14, and
the numbers of productively infected were reduced >85% in
the second week.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 LAI)
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Epitope SLYNTVATL
Epitope name LR23
Subtype B
Immunogen vaccine
Vector/Type: peptide Strain: B clade LAI
Adjuvant: Incomplete Freund’s Adjuvant
(IFA), Montanide (ISA 720), P30, PLG
Species (MHC) mouse (A*0201)
Keywords binding affinity, vaccine-specific epitope
characteristics, immunodominance
References |[Peter et al[2001
The stability of peptide binding to HLA-A2.1 was determined
for six HLA-A2.1 peptides included in this vaccine study
— ILKEPVHGV (RT), SLYNTVATL (p17), SLLNATDIAV
(gp41) and LLWKGEGAV (RT) all bound with high affinity
comparable to a influenza epitope reference (GILGFVFTL),
while RGPGRAFVTI and VIYQYMDDL bound with a lower
affinity (relative binding activity = 0.01).
The four high-affinity peptides formed stable complexes with
half-lives ranging between 8 and 32 hours, while the low affin-
ity peptides had half lives of less than an hour.
HLA-A2.1 transgenic mice were immunized with the six
HIV-1 peptides and P30, as a universal T-helper epitope, with
IFA or Montanide or microspheres as adjuvants.
All peptides except VIYQYMDDL induced a stong CTL re-
sponse in Cr-release assays - stronger responses were observed
when peptides were delivered alone, indicating immunodomi-
nance when the combination was used.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Epitope name LR23
Subtype B
Immunogen vaccine
Vector/Type: peptide Strain: B clade LAI
Adjuvant: Incomplete Freund’s Adjuvant
(IFA), IL-12, P30
Species (MHC) mouse (A*0201)
Keywords vaccine-specific epitope characteristics, im-
munodominance
References [Peter e al.[2002
¢ When HIV-1 peptides were used to vaccinate HLA-A2.1 trans-
genic A2-Kb mice, strong responses to five peptides were
observed when the peptides were given individually, but im-
munodominance limited the response to some of the peptides
when they were given in combination |Peter et al.|[2001]. IL-
12 can counteract immunodominance in BALB/c mice, so it
was given with the multiple epitope vaccination, and was in-
stead found to specifically eliminate the HLA-A2.1-epitope
CTL responses, but not Kb CTL responses. This was possibly
a consequence of transient depletion of T-cells, B cells and
macropahges in the spleen.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen computer prediction
Species (MHC) (A*0201)
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Keywords subtype comparisons, computational epitope
prediction, vaccine-specific epitope charac-
teristics, escape

References [Schonbach et al.[2002

* Computational methods (artificial neural networks [ANN],
hidden Markov models [HMM], binding matrices based on
HLA association rates BIMAS) were used to identify HLA-
A*0201 and HLA-B*3501 HIV T-cell epitope candidates
from 533 Gag, Env and Pol sequences of which 374 were de-
rived from HIV-1, 97 were derived from HIV-2 and 62 from
SIV. Comparisons to known epitopes and between clades were
made.

The SLYNTVATL epitope received focused discussion.
SLYNTVATL, slFntvatl, slyntvaVl, and slyntlaVl are all rec-
ognized variants, ANN predicts all four variants would be rec-
ognized, while BIMAS only predicts SLYNTVATL and slFnt-
vatl would be recognized. However, [Sewell e al.| [1997]
suggested certain substitutions may be antagonistic, includ-
ing slFntvatl, and vaccines do not stimulate SLYNTVATL re-
sponses as well as natural infections. The authors note these
kinds of issues complicate the application of computational
predictions of epitopes to vaccine design.

HXB2 Location pl7 (77-85)
Author Location Gag (76-84)
Epitope SLYNTVATL
Subtype B
Immunogen vaccine
Vector/Type: DNA  HIV component: HIV-1
Species (MHC) mouse (A*0201)
Keywords epitope processing, vaccine-specific epitope
characteristics, immunodominance
References |Singh ef al.|2002; |Sykes & Johnston| 1999
C3H (H-2k) transgenic mice carrying a fused HLA-A*0201
alphal and alpha2 and H-2Dk alpha3 hybrid class I molecule
were immunized using an epidermal gene gun with an ubiqui-
tin expression library of 32 plasmids that spanned the HIV-1
genome. Ubiquitin targets the expressed HIV-1 peptides to the
proteasome.
A single immunization with the UB-HIV-1 library vaccine in-
duced potent, stable and multivalent CTL responses against all
library members.
Immunodominant epitopes SLYNTVATL (Gag),
ILKEPVHGV (Pol), RIQRGPGRAFVTIGK (Env) and
AFHHVAREK (Nef) elicited strong CD8+/IFN- responses
and stimulated CTL that were functional in a Cr-release assay
and against wild type antigen.
The presence of multiple plasmids HLA-A*0201-restricted
CTL epitopes did not decrease CTL immunogenicity, and
CTL responses to single peptide immunizations were compa-
rable to responses based on mixtures of either 16 or 32 pep-
tides.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
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Donor MHC A*0202, A*2501, B*1801, B62, Cw*1203,
Cw10, DQB1*8, DRB1*1501
Keywords rate of progression, Th1, Th2
References [Imami ez al.[2002b

70 patients with chronic disease progression, 10 clinical non-
progressors, and 3 immunologically discordant progressors
(individuals who controlled viremia but had progressive CD4+
T-cell decline) were analyzed for their T-helper cell responses
to p24 and cytokine profile. Long term non-progressors had
much stronger Th responses, particularly to p24 peptides, and
they tended to be balanced between Thl, IL-2 producing and
Th2, IL-4 producing responses.
One of the immunologically discordant progressors became
symptomatic during the course of the study, and he had a rapid
drop in proliferative response to all antigens and also a shift
from a Thl to a Th2 response. To find out if the CD8 re-
sponse also shifted in cytokine production, the CD8+ T-cell
response to SLYNTVATL in this patient was also tested. It too
was found to shift, from IFNgamma to IL-4 producing in Eli-
spot, and using a bioassay of indicator lines, from IL-2 to IL-4
production.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Donor MHC A*0201, All, B51, B61, Cw*14, Cw2
Assay type CD8 T-cell Elispot - [FNy
Keywords binding affinity, acute/early infection, early-
expressed proteins
References |Cao et al.|2003

* CTL epitope responses were mapped in 21 men within 15-92
days post-HIV-1 infection. Subjects initially showed narrow
immune responses with a mean of 2.3 epitopes recognized per
patient. The immune response broadened later in infection.
No correlation between the plasma viral load and the number
of recognized epitopes or the frequency of IFN-gamma secret-
ing cells was observed, and there was no correlation between
the functional avidity of responses and the abundance of IFN-
secreting cells that recognized the epitope. The first epitopes
to be recognized tended not to be the most avid, and earliest
responses tended to be directed against Nef, Tat, Vpr, and Env.

e Only 1/10 HLA A*02 carrying individuals in this study rec-
ognized SLYNTVATL.

e All HIV-1 proteins except Vpu were recognized, and re-
sponses to a total of 41 optimal epitopes were characterized;
24 had been identified previously. 48% of the total T-cell
responses were directed against Nef and 43% were directed
against Gag.

* More common HLA alleles were less frequently used in pri-
mary infection than less common alleles, for example A3,
B35, B57, and B62 were more frequently recognized than A1,
A2, A30, and A44.

HXB2 Location pl7 (77-85)
Author Location
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
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Species (MHC) human (A*0201)

Assay type Cytokine production, proliferation, Tetra-
mer binding, Intracellular cytokine staining,
Chromium-release assay

References Dagarag et al.|2003

* Telomer length is short in the CD8+ T-cell compartment
of HIV-1 infected people, indicating excessive CTL activa-
tion and premature senescense. Here human telomerase RT
(hTERT) transduction of HIV-1-specific CTL was used to
study the functional impact of telomerase. Telomerase ex-
pression enhanced proliferative capacity, as well as cytolytic
and antiviral capabilities; cytokine production was unchanged.
hTERT transduced CTLs were 10-fold more efficient in con-
trolling HIV-1 replication in culture. Thus telomerase trans-
duction can restore CTL mediated cytolysis, and may have
therapeutic potential.

» Three polyclonal CD8+ T-cell lines derived from an HIV-1,
HLA A*0201 positive patient were used in this study, includ-
ing one specific for this epitope.

HXB2 Location pl7 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Subtype B
Immunogen vaccine
Vector/Type: peptide HIV component: p24
Gag
Species (MHC) mouse (A*0201)
Donor MHC A2.1
Assay type Cytokine production, Chromium-release as-
say
Keywords binding affinity, vaccine-induced epitopes
References |Okazaki et al.[|2003
¢ Alanine substitutions of VIYQYMDDL were tested for im-
portance of each amino acid for HLA-A2.1 binding. Peptide
variant (vLyqymddV) showed an 8 fold higher MHC binding
affinity than wild type. YLyqymddV had an even higher bind-
ing affinity, but the Y at position one blocked TCR recogni-
tion. The higher affinity form of vLyqymddV induced CTL in
vivo that could protect against a vaccinia virus expressing RT
and the wild type epitope.
* SLYNTVATL was included as a control.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Assay type Tetramer binding
Keywords genital and mucosal immunity
References [Shacklett et al.[2003
* Lymphocytes from rectal biopsies were used to characterize
the CD8+ T cell response to HIV in GALT, Gut-associated
lymphoid tissues. Patients were selected on the basis of
being HLA-A2+ and having detectable SLYNTVATL and
ILKEPVHGYV tetramer responses in PBMC. SLYNTVATL
frequency was increased in GALT relative to PBMC in 6/7 pa-
tients studied, while a control response to a CMV-peptide was
diminished in GALT. Only two patients had ILKEPVHGV
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CD8+ T cell responses, and both had slightly higher frequen-
cies in GALT than PBMC.

e HIV may perturb lymphocyte retention in GALT, suggested
by an overall reduction of GALT CD8+ cells expressing al-
phaEbeta7. GALT HIV-specific CD8+ T cells expressed al-
phaEbeta7, suggesting mucosal priming.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Country United States
Assay type CD8 T-cell Elispot - IFNY, Tetramer binding,
T-cell Elispot, Intracellular cytokine staining,
Flow cytometric T-cell cytokine assay
Keywords epitope processing, escape, variant cross-
recognition or cross-neutralization
References [Jamieson et al.l2003
Epitope escape mutations in chronically infected individuals
developed over several years indicating selective advantage of
escape mutants. The maturation state of CTLs appear to affect
the rate of epitope mutation and CTL decay.
In two patients, SL9-specific CTL peaked at 2-4 years post-
infection; at that point the escape mutations began to dominate
followed by CTL decline with a 6 month lag, suggesting CTL
decline resulted as a consequence of escape. In a third patient,
the initial response was 1/2 as strong and mutations did not
arise until 6-7 years post-infection; in that case the decline in
SL9 CTL preceded epitope mutation.
Two patients HLA-A*0201 started out with a non-consensus
sequence, slFntvatl. In one of the patients, a transient rever-
sion to the consensus was observed after 4 years, that did not
reappear until the 11th year, suggesting the possibility that a
reversion to the consensus form occurred, but a CTL response
may have limited it so that this more fit form could not re-
assert itself until the patient had a more severely compromised
immune response.

HXB2 Location pl7 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
Country United States
Assay type Cytokine production, Tetramer binding, In-
tracellular cytokine staining, Chromium-
release assay, Flow cytometric T-cell cyto-
kine assay
Keywords epitope processing, rate of progression, im-
munodominance, acute/early infection, den-
dritic cells, TCR usage, memory cells
References [Kan-Mitchell er al.|2004

100

Gag p17 CTL/CD8+ epitopes

» SL9-specific CTLs were shown to be primed by immature
DCs and independent of help from CD4+ or exogenous IL2,
and sensitive to paracrine IL-2 induced apoptosis. The au-
thors suggest that the reason SL9 responses are not seen during
acute infection is the high level of innate immune responses
resulting in cytokine-induced apoptosis, but that these CD8+
T-cells would come to dominate later infection when CD4 help
is diminished.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Donor MHC A*0201, A*2402, B*52, B75, Cw*03;
A*0201, A*31, B*27, B*5101, Cw*02;
A*0207, A*2402, B¥46, B*52, Cw*01
Country Japan
Assay type Chromium-release assay
Keywords epitope processing, escape
References |Yokomaku et al.|2004
* Epitope variants escaped from being killed by CTLs in an
endogenous expression system although they were recog-
nized when corresponding synthetic peptides were exoge-
nously loaded onto the cells. Escape is thus probably due to
changes that occur during the processing and the presentation
of epitopes in infected cells.
Endogenously expressed wild type epitope and slyntlatl vari-
ants were recognized by CTL clones while slynLvatl, slFnt-
vaVl and sVyntvatl variants were not. sVyntvatl and slFntvaVl
variants were, however, recognized when added exogenously
to the cells.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen vaccine
Vector/Type: canarypox prime with gp120
boost, vaccinia prime DNA boost Strain:
B clade LAI, B clade MN HIV compo-
nent: Gag, gpl20, gp4l, Protease Adju-
vant: GM-CSF
Species (MHC) human (A*0201)

Assay type Cytokine production, CD8 T-cell Elispot -
IFNYy, Tetramer binding, Chromium-release
assay, Flow cytometric T-cell cytokine assay

Keywords vaccine-specific epitope characteristics, im-
munodominance, characterizing CD8+ T
cells

References |Ferrari et al.|2004:

 Thirteen HLA-A*0201 vaccines with anti-Gag CD8+ CTL re-
activities were tested in uninfected HIV vaccine recipients to
examine the pattern of SL9 epitope immunodominance. None
of the vaccines had a detectable anti-SL9 response, in contrast
to 75% of HLA A*0201 chronically infected HIV+ individu-
als that respond to this epitope.

HXB2 Location p17 (77-85)
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Author Location p17
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Keywords review, rate of progression, escape,
acute/early infection
References |Goulder & Watkins/2004
 This paper is a review of the role of CTL in HIV infection, and
it uses SL9 as an example of an epitope that is not responded
to early in infection, yet 75% of HIV+ people respond to SL9
during chronic infection. Despite the delay in response, strong
SL9 responses have been associated with lower viral loads,
and escape mutations arise.

HXB2 Location p17 (77-85)
Author Location (C consensus)
Epitope SLYNTVATL
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Country South Africa
Assay type CD8 T-cell Elispot - [FNy
Keywords characterizing CD8+ T cells
References [Kiepiela ez al.[2004

* HLA class I restricted CD8+ T-cell responses against HIV-1
were analyzed in African patients. Significantly more re-
sponses were shown to be HLA-B restricted. Viral load, CD4
count, and thus rate of disease progression were also associ-
ated with HLA-B alleles. In addition, the selection pressure
imposed on HIV-1 by HLA-B alleles was shown to be sub-
stantially greater than by other alleles.

» This epitope was suggested to be the epitope within a longer
reactive peptide based on correspondence with a known epi-
tope in the HIV database. Also, a significantly higher fre-
quency of people in the Durban cohort who reacted with the
peptide had this HLA type.

HXB2 Location pl17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTIATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Donor MHC A*0201, A*0301, B*3501, B*51, Cw*04,
Cw*06
Country United States
Assay type CDS8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining, Chromium-release assay
Keywords escape, acute/early infection, characterizing
CD8+ T cells
References [Bansal ez al.|2005
 Patients with acute or early infection were shown to pref-
erentially target variable peptides with higher entropy while
those with chronic infection showed responses towards more
conserved peptides with lower entropy. In longitudinally fol-
lowed subjects, responses to variable proteins declined over
time while responses to conserved proteins increased. The de-
cline is suggested to be due to CTL escape.
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* The response to this peptide was not apparent until month 20,
by month 32 a T to V change was dominant, but the slyntiV1
mutant showed comparable avidity.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection, peptide-HLA interaction,
vaccine
Vector/Type: peptide Strain: multiple epi-
tope immunogen HIV component: mimo-
topes Adjuvant: Incomplete Freund’s Ad-
juvant (IFA)
Species (MHC) human, transgenic mouse (A*0201)
Assay type CD8 T-cell Elispot - IFNy, Chromium-
release assay, HLA binding
Keywords vaccine-specific epitope characteristics, im-
munodominance, escape, TCR usage, vari-
ant cross-recognition or cross-neutralization,
vaccine antigen design, mimics
References [Boggiano et al.[2005

* A combinatorial library was used to identify epitope mimics
of HLA-A2 restricted CTL epitope SL9.

* 19 HIV+ HLA-A*0201 subjects were tested for their ability
to bind to peptide variants. 11/19 could bind to SLYNTVATL.
Nine epitope mimics were recognized by more than a third of
the subjects, and 1 subject recognized 17/20 variants tested.
Some SL9 mimics were up to an order of magnitude better at
stimulating CTL responses in PBMC than was SL9.

* Compared to the original SL9 sequence, some SL9 variants
recognized by HLA-A*0201 patients induced superior SL9
immune responses in HLA-A*0201 transgenic mice.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Assay type CDS8 T-cell Elispot - [IFNy
Keywords assay standardization/improvement, TCR us-
age, characterizing CD8+ T cells
References [Killian ez al.[2005

* A novel technique for subtractive analysis of HIV-1 specific
CTLs was developed, including depletion of peptide-specific
CTLs by stimulating PBMCs with the specific peptide in the
presence of 5-FU, followed by TCR spectratyping for clonal
breadth analysis. In analysis of infected individuals using this
technique, it was found that HIV-1 specific responses range
from two to 10 different T-cell clones per epitope.

* The SL9 responses in one individual were complex, with
TCR in multiple families, including: Vbetal2.2, Vbetal7,
Vbeta23.3 and Vbeta22.

* This paper provides further evidence for the polyclonal nature
of epitope-specific responses. Polyclonal responses may be
able to better inhibit escape and may play a beneficial role in
progression.

HXB2 Location p17 (77-85)
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Author Location Gag
Epitope SLYNTVATL
Epitope name S9L
Immunogen vaccine
Vector/Type: measles virus (MV)  Strain:
multiple epitope immunogen HIV compo-
nent: gpl140, gp140AV3
Species (MHC) transgenic mouse (A*0201)
Assay type Chromium-release assay, Flow cytometric T-
cell cytokine assay
Keywords memory cells, vaccine antigen design, an-
tibody generation, characterizing CD8+ T
cells
References |Lorin ef al.l2005a
* A recombinant measles MVSchw virus expressing an
HIV-1-derived polyepitope effectively primed HLA-A*0201-
restricted CTL responses against multiple conserved HIV-1
epitopes in HLA-A*0201 transgenic mice. Also, a recom-
binant MVSchw virus expressing gpl40 with deleted V1,
V2, and V3 loops successfully induces neutralizing antibod-
ies against HIV-1. A live attenuated measles vaccine could
provide a safe and efficient pediatric vaccination vector for si-
multaneous vaccination against HIV and measles.

HXB2 Location p17 (77-85)
Author Location (C consensus)
Epitope SLYNTVATL
Subtype C
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Country South Africa
Assay type CD8 T-cell Elispot - [FNy
Keywords rate of progression, optimal epitope
References [Kiepiela ez al.|2007
* A comprehensive analysis of 160 class I T cell responses in
578 individuals from KwaZulu-Natal, South Africa was per-
formed. Gag-specific responses were associated with lowering
viremia, while Env, accessory and regulatory protein-specific
responses were associated with higher viremia.
SLYNTVATL is an optimal epitope.

HXB2 Location pl7 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Country China
Assay type CD8 T-cell Elispot - IFNY, Tetramer binding
Keywords HAART, ART, responses in children, den-
dritic cells
References [Zhang et al.|2006b!

e Immune responses in HIV-1 infected children either un-
dregoing HAART or not were analysed. HIV-specific CTLs
were lower in children responding to HAART than in non-
responders and HAART-naive children. CTL frequency was
correlated with myeloid DC frequency in treatment-naive pa-
tients, and inversely correlated with duration of virus supres-
sion following treatment.
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* 11 of the 22 children had significant responses to SL9.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords HAART, ART, escape, viral fitness and rever-
sion
References |Asquith ez al.[2006
* In order to reconcile apparent conflicts between a CTL-
protective role as suggested by HLA-1 alleles associated with
different rates of progression to AIDS, and a CTL non-
protective role as suggested by the fact that virus clearance
following ART is not impaired in advanced AIDS, a model is
made that quantifies the efficiency of HIV-1-specific CTLs in
vivo. As a surrogate for the actual rate of CTL-killing of in-
fected cells, the model rests on calculating virus escape rate
for an epitope and subtracting its reversion rate upon trans-
mission to a non-restricting HLA bearing host. It is shown
that CTLs recognizing a single epitope kill only 2% of produc-
tively infected CD4+ cells. The rate of CTL lysis was found to
be significantly faster during primary infection than in chronic
infection. However, the authors suggest that small differences
in CTL lysis rate can translate into large differences in terms
of absolute numbers of infected cells killed, which are likely
to be clinically relevant.
The best estimate of escape rate for this epitope, SLYNT-
VATL, was found to be 0.006/day (upper bound on rate of
escape = 0.008), with SE of 0.001.
Four variants were shown to confer escape (Y79F, Y79F-
V821, Y79F-T84V, V82I-T84V), and variant A83V was also
present but untested for CTL response.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Subtype B
Immunogen peptide-HLA interaction
Species (MHC) human (A*0201)
Assay type Cytokine production, Flow cytometric T-cell
cytokine assay
Keywords binding affinity, co-receptor, characterizing
CD8+ T cells

References |Laugel er al.[2007a
* It was found that CD8 co-receptor differentially fine tunes
CTL function via cytokine/chemokine production (MCP-1,
MIP1-beta, MIP1-alpha, TNF-alpha, RANTES, IFN-gamma,
IL-2 and IL-4). Differential CD8 action was controlled by
abrogating its engagement using point-mutated HLA Class I
molecules in 4 CTL clones specific for 3 different epitopes
from HIV-1 and hTERT.
2 HLA-A*0201 restricted CTL clones, SLY-10 and 003, spe-
cific for HIV-1 Gag eptiope SLYNTVATL were stimulated
with cognate antigen and found to have different diversities
as well as hierarchies of cyto/chemokine production. Epi-
tope variants 3H (SLHNTVATL), 3S (SLSNTVATL) and 3F
(SLFENTVATL) also selectively blocked effector functions for
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each clone. CDS co-receptor requirement was minimally af-
fected for the index ligand SLYNTVATL recognition by CTL,
but weaker agonists viz. the epitope variants depended more
on co-receptor binding. However, MIP1-beta and IL-2 were
consistently the least- and most-CD8 dependent effector se-
cretions.

* This is the first documentation of secretion of MCP-1 by T
cells. It seems to require high antigen and co-receptor depen-
dency for release.

HXB2 Location p17 (77-85)

Author Location

Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Country Spain
Assay type Tetramer binding
References [Lopez ef al.|2006

* HIV pl7 sequence variability and level, phenotype and func-
tion of SL9-specific CD8+ T cells were studied in chronic pa-
tients.

e SLINTVATL variant was found in 76% of HLA-A*0201-
positive patients and in only 25% of HLA-A*02-negative pa-
tients.

* Patients without Tet+ cells had a significantly higher preva-
lence of mutations in SL9 than patients with Tet+ cells. In
patients with Tet+ cells variant SLEINTVATL was associated
with lower levels of Tet+ cells.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Country Kenya
Assay type CD8 T-cell Elispot - IFNy, Chromium-
release assay, Flow cytometric T-cell cyto-
kine assay
Keywords subtype comparisons, cross-presentation by
different HLA, variant cross-recognition or
cross-neutralization
References |Currier ef al.|2006

e The pattern of immunodominance and epitope clustering
within Gag and Nef proteins in subtype A infected individ-
uals was similar to that seen in subtype B and C infections.
An immunodominant HLA-C restricted epitope, YVDRF-
FKTL (YL9 from Gag protein) was observed and restricted
to Cw0304.

* The sequences SLYNTVATLYC and SLINTiATL(Y/W)C
are associated with HLA-A*0201 and contain the epitope
SLYNTVATL. Variable cross-reactivity was seen between
subjects with respect to the 2 sequence variants.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
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Country United States
Assay type CDS8 T-cell Elispot - IFNy, HLA binding
Keywords binding affinity, immunodominance, den-
dritic cells

References [Schaubert et al[2007
* CTL responses to the rarely recognized, subdominant HLA-
A2-restricted Gag p24 epitope TLNAWKVV (TV9) were
studied since its functional sensitivity and viral suppression
is relatively high compared to other, dominant HLA-A2-
restricted HIV-1 epitopes. Subdominant CTL responses to
TV9 were not related to immunogenicity, availability of cog-
nate TCR repertoires or HLA-epitope binding avidity.
Peptide SL9 had a relative binding to HLA-A*0201 compa-
rable to TV9, TLNAWVKVV. This Gag epitope was unable
to stimulate a clone of TV9-specific CTLs that had been pre-
primed by Gag+Pol transduced DCs, to produce IFN-gamma.
SL9-specific CTLs bound tetramers as a single, homogeneous
population, indicating distinct avidity to SL9.

HXB2 Location p17 (77-85)
Author Location (77-85)
Epitope SLFNTVATL
Epitope name 3F
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
Country United States
Assay type CD8 T-cell Elispot - IFNY, Tetramer binding,
Chromium-release assay, HLA binding
Keywords binding affinity, immunodominance, den-
dritic cells
References [Schaubert et al[2007
* CTL responses to the rarely recognized, subdominant HLA-
A2-restricted Gag p24 epitope TLNAWKVV (TV9) were
studied since its functional sensitivity and viral suppression
is relatively high compared to other, dominant HLA-A2-
restricted HIV-1 epitopes. Subdominant CTL responses to
TV9 were not related to immunogenicity, availability of cog-
nate TCR repertoires or HLA-epitope binding avidity.
* This epitope, 3F, SLENTVATL, is the HIV-1 Gag variant of
SLYNTVATL. 3F-specific CTLs bound tetramers as a single,
homogeneous population, indicating distinct avidity to 3F.

HXB2 Location p17 (77-85)
Author Location (77-85)
Epitope SLYNTVAAL
Epitope name p41 (SL9 agonist)
Immunogen in vitro stimulation or selection
Species (MHC) human (A*0201)
Country United States
Assay type CD8 T-cell Elispot - IFNY, Tetramer binding,
Chromium-release assay, HLA binding
Keywords binding affinity, immunodominance, den-
dritic cells
References [Schaubert et al[2007
* CTL responses to the rarely recognized, subdominant HLA-
A2-restricted Gag p24 epitope TLNAWKVV (TV9) were
studied since its functional sensitivity and viral suppression
is relatively high compared to other, dominant HLA-A2-
restricted HIV-1 epitopes. Subdominant CTL responses to
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TV9 were not related to immunogenicity, availability of cog-
nate TCR repertoires or HLA-epitope binding avidity.

 This epitope, p41, SLYNTVAAL, is the HIV-1 Gag agonist of
SLYNTVATL. p41-specific CTLs bound tetramers as a single,
homogeneous population, indicating distinct avidity to p41.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)

Epitope SLYNTVATL

Subtype B

Immunogen HIV-1 infection

Species (MHC) human (A*0201)

Country United States

Assay type CD8 T-cell Elispot - [FNy
Keywords class I down-regulation by Nef
References [Lewis et al.|2008

To study the role and function of Nef-mediated MHC-I down-
regulation in vivo, Nef quasispecies from 11 chronically
HIV-1 infected subjects were cloned into reporter viruses and
tested for Class I down-regulation ability. Levels of this func-
tion varied between individual patients.
Breadth of CTL response and CD4+ count were found to cor-
relate with Nef down-regulation of MHC 1. There was no sig-
nificant correlation with pVL . This function of Nef one way
of HIV-1 coping with CTL immune response.
A Gag-specific CTL clone recognizing A*0201-restricted epi-
tope SLYNTVATL was used to test CTL antiviral function
when presented with wild type Nef-containing NL4-3 or mu-
tant M20A Nef-containing NL4-3 virus.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SL9
Immunogen virus
Species (MHC) human (A*0201)
Keywords immunotherapy, TCR usage
References Joseph et al.[2008
To circumvent failed adoptive transfer of ex-vivo expanded
autologous HIV-1-specific CTLs, the authors use autologous
peripheral CTLs with redirected antigen specificities instead.
CTLs were transduced with lentiviral vectors encoding TCR-
alpha and TCR-beta specific for a control, immunodominant
Gag epitope, SL9. Potent and specific in vitro and in vivo
activity of the transduced CTLs against SL9-presenting cells
was seen.
The HLA-A*0201-restricted SL9-specific CTL clone had po-
tent effect on HIV replication as plasma viral levels decreased.

HXB2 Location pl7 (77-85)
Author Location Gag
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A*0201)
Country Canada, United States
Assay type proliferation, Tetramer binding, Intracellular
cytokine staining, Other
Keywords characterizing CD8+ T cells
References Jones ef al.|2008
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* Tim-3+ T cells form a novel population of dysfunctional CTLs
in chronic progressors of HIV infection. Tim-3 surface levels
correlate positively with viral load and CD38 expression, but
correlates inversely with CD4 T-cell counts.

* Tim-3 expressing CTLs have impaired cytokine production
and proliferation in response to antigen, which is restored by
blocking Tim-3 signaling pathways using soluble sTim-3.

* Tim-3 expressing CTLs are a distinct population from PD-1
expressing CTLs.

* CTLs specific for HLA-A*0201 restricted Gag epitope
SLYNTVATL were used to follow immune response.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Immunogen
Species (MHC) human (A*0202)
Keywords optimal epitope
References |Llano ez al.|2009
* C. Brander notes that this epitope can be presented by A*0201
and A*0202.

HXB2 Location pl7 (77-85)
Author Location pl7 (SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A*0202)
Keywords subtype comparisons, immunodominance
References |Goulder et al.|2000a
* The CTL-dominant response was focused on this epitope in
11/25 HLA A2 (A*0201 or A*0202) HIV+ individuals from
Boston and in 1/8 HLA A2 HIV+ individuals from Durban.
Three peptides GSEELRSLYNTVATL (p17 residues 71-85),
SALSEGATPQDLNTMLNTVG (p24 41-60), and WEKIRL-
RPGGKKKYKLK (p17 16-30) contained the dominant Gag-
specific epitope in 31/44 B-clade infected individuals from
Boston who showed Gag-CTL responses.
Five peptidles RLRPGGKKHYMIKHLVW (p17 20-36),
ELRSLYNTVATLYCV (p17Gag 74-88), SALSEGATPQDL-
NTMLNTVG (p24 41-60), FRDYVDRFFKTLRAEQA (p24
161-177), and SILDIKQGKEPFRDY (p24 149-164) con-
tained dominant Gag-specific epitopes in 32/37 C-clade in-
fected subjects from South Africa.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 LAI)
Epitope SLYNTVATL
Subtype B
Immunogen
Species (MHC) human (A*0205)
Keywords optimal epitope
References |Llano ez al.|2009
 C. Brander notes that this epitope can be presented by A*0201
and A*0202.

HXB2 Location p17 (77-85)
Author Location pl7 (subtype A)
Epitope SLYNTVATL
Subtype A
Immunogen HIV-1 exposed seronegative
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Species (MHC) human (A*0201, A*0214)
References |[Kaul ez a/./2000

* 11/16 heavily HIV exposed but persistently seronegative sex-

workers in Nairobi had HIV-specific CD8 gamma-IFN re-

sponses in the cervix — systemic CD8+ T cell responses tended
to be to the same epitopes but at generally lower levels than
cervical CD8+ T cell responses.

Low risk individuals did not have such CD8+ cells.

e CD8+ T cell epitopes: DTVLEDINL (3 individuals), SLYNT-
VATL (4 individuals), LSPRTLNAW (3 individuals) and
YPLTFGWCEF (4 individuals) were most commonly recog-
nized by the HIV-resistant women.

» The epitope variants SLYNTVATL and SLENTVATL were
both recognized.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A02)
Assay type CD8 T-cell Elispot - IFNy, Chromium-
release assay, HLA binding
Keywords subtype comparisons, escape, acute/early in-
fection, variant cross-recognition or cross-
neutralization, viral fitness and reversion,
HLA associated polymorphism
References [Iversen et alJ2006
The evolution of SLYNTVATL epitope was analyzed over 10
to 20 years in 76 patients and it was found that two oppos-
ing selective forces act on the epitope in HLA-A2+ patients.
One is caused by an effective CTL pressure, resulting in es-
cape. The main escape mutations were in positions 3, 6 and
8 of the epitope. The other force is selection for optimal vi-
ral growth, where the wild-type epitope’s index amino acids
are selected for. These common evolutionary pathways for the
epitope were conserved across several HIV subtypes; while
the balance between the opposing evolutionary pathways is
suggested to determine variants in a patient at any given time.
Fitness cost to SL9 variant generation leading to CTL escape
also contributes to lower viral loads in such patients.
Most variation in this epitope affects TCR recognition as
shown by binding studies. Heterogenous CTL responses in pa-
tients to viral epitope variants also suggest that the advantage
of any single mutation in SL9 is host (and HLA) dependent.
CTL selection can differ between compartments as seen in
compartmentalization of epitope variants between blood and
cervix samples.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85 HXB2)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A02)
Assay type Chromium-release assay, Other
Keywords binding  affinity, assay
tion/improvement
References [Bennett et al.[2007

standardiza-
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* Standard assays like ELISpot, ICS and tetramer staining do
not measure antiviral activity of HIV-infected CTLs, but use
exogenous synthetic peptides on uninfected cells, or HLA
tetramers. Similarly, functional avidity assesses CTL activ-
ity against uninfected target cells. Here functional avidity is
compared to the efficiency of actual infected cells’ recognition
and killing, revealing a sharp threshold between CTL immune
antiviral activity and lack of infected cell recognition.

As previously shown, epitopes and their variants spanned or-
ders of magnitude of SD50. Likewise, CTL clearance of in-
fected cells varied from 0 to 100% with epitope sequence vari-
ation. Moreover, direct suppression of HIV-1 replication by
CTLs also varied with epitope variant.

When killing efficiency (KE) using virus-infected cells was
compared to functional avidity using synthetic peptides, there
was a narrow threshold separating maximal killing from al-
most none. Since different SL9-specific clones had similar
KEs, which were vastly different from RL10-specific CTL
KEs, it was obvious that KEs varied with epitope sequence
too. Finally, a strong correlation between KE and inhibition
of viral replication was also seen.

This epitope, SLYNTVATL, showed marked differences in its
functional avidity, killing efficiency, as well as inhibition of
viral replication when compared to its variants SLINTVATL,
SLINTIiATL, SLYNTIAvL, SLYNTIATL, SLYNaVATL and
SLYNIVAVL.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A02)
Assay type CD8 T-cell Elispot - IFNy, HLA binding
Keywords binding affinity, immunodominance, optimal
epitope
References [Bihl ez al.|2006

* CTL responses were tested for both HIV-1 and EBV derived
epitopes restricted by HLA-A, -B and -C alleles. HLA-B al-
leles more frequently induce detectable responses and that the
responses are generally of greater magnitude than those for
HLA-A and -C alleles.

* The magnitude and frequency of CTL recognition were re-
lated to each other and that TCR avidity for HLA/peptide com-
plexes is a more important determinant for magnitude of re-
sponse than peptide binding affinity to HLA.

* EBV response patterns were not significantly altered by HIV
coinfection.

* Epitope SLYNTVATL elicited a magnitude of response of 335
SFC with a functional avidity of 0.05nM and binding affinity
of 9.1nM.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SL-9
Immunogen HIV-1 infection
Species (MHC) human (A02)
Keywords escape, TCR usage, immune evasion
References [Yu et al.|2007b
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e The dependence of TCR clonotype recruitment on genetic
background was determined by studying monozygotic twins
infected with the same HIV-1 strain. After an early, initial cor-
relation in the magnitude, specificity and immunodominance
of CTL response [Draenert et al. J. Exp. Med. 203:529-
539(2006)], subsequent disease was mixed with respect to
CTL epitopes’ mutational escape. TCR alpha and beta chain
repertoires were analyzed and it was found that their clono-
types in HIV-specific CTLs were broadly heterogeneous for
both concordant and discordant epitope sequence evolution
between the twins. Therefore initial TCR recruitment appears
to be an entirely random process independent of genetic back-
ground of the infected individual.

This epitope, SL9, showed discordant epitope evolution be-
tween the twins, and both alpha and beta TCR chains recruited
were entirely different between them.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen vaccine, in vitro stimulation or selection
Vector/Type: peptide Adjuvant: Incom-
plete Freund’s Adjuvant (IFA)
Species (MHC) human, transgenic mouse (A02)
Assay type CD8 T-cell Elispot - IFNy, Chromium-
release assay
Keywords variant  cross-recognition ~ or  cross-
neutralization
References [Blondelle e al.J2008
To identify immunogenically optimized peptide epitopes for
use in vaccines, two strategies were used. The first studied
rare mutant epitopes that were effective in generating a cross-
reactive immune response against a range of mutants. The
second method was to use a synthetic combinatorial library of
peptides and screen for highly effective responses against one
epitope (TV9, TLNAWVKVYV) and its mutants. Candidate
epitopes were tested in HLA-A?2 transgenic mice as well as ex
vivo human lymphocytes.
Mutants of epitope SL9 when tested in transgenic mice,
showed that the consensus and most common mutant, SLfNT-
VATL, were weakly immunogenic or cross-reactive. 3
mutants, SLYNIVATL, SLINIVATL and SiYNIVATL were
highly immunogenic. Peptide SiYNIVATL with the ad-
ditional L2I change allowed great cross-reactivity to the
COnsensus. Other mutants were SLfNTVATL, SLfNT-
VAvVL, SLYNTVvvL, SLfNIVAVL, SvYNTVATL, SLYNT-
VAaL, SLYNTiAaL, SLINTVATp and SLfNTiATi.

HXB2 Location pl17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Subtype B
Immunogen peptide-HLA interaction
Species (MHC) human (A02)
Assay type Chromium-release assay, Other
Keywords TCR usage
References [Hofmann et al/2008
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* Unlike LTNPs, most patients cannot produce enough
conserved-epitope-recognizing, HIV-specific CTLs to curtail
infection. Here, primary CTLs are reprogrammed by RNA
electroporation of epitope-specific TCRs to produce proin-
flammatory cytokines and to lyse target cells presenting the
appropriate epitope. For the first time functional transfer of
epitope-specific TCRs is shown to be feasible.

T2 cells loaded with epitope SLYNTVATL, were lysed upon
contact with the their corresponding TCRs inserted into CTL
clones by RNA electroporation.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)

Epitope SLYNTVATL

Subtype A, C, D

Immunogen HIV-1 infection

Species (MHC) human (A02, A68)

Country Tanzania

Assay type CD8 T-cell Elispot - [FNYy, Other
Keywords subtype comparisons, immunodominance
References |Geldmacher ez al.|2007a

56 ART-naive subjects were studied to assess whether T-cell
responses to Gag and Nef are biased towards infecting sub-
type recognition, in a setting of epidemic consisting of sub-
types A,C and D and their recombinant forms. The infecting
subtype was determined by multi-region hybridization assay.
Overlapping 15-mer isolate-based Gag and Nef peptide sets
representative of local subtypes were used. The best recog-
nized epitope variant in terms of magnitude and breadth corre-
sponded to infecting subtype, in this case usually type-C. Hot
spots of CTL recognition in Gag were in p24, pl17 and pl5;
hotspots against Nef were in its central, conserved region.
Epitope variants SLyNTVATL and SLfNTiATL were studied
as peptide sequences SLyNTvVATL-YCVHEK (subtypes C, A,
D), SLINTIiATL-YCVHEK and SLfNTiATL-WCVHQR with
18% responders. Subtype C sequences were recognized best.
Associated HLAs frequently expressed within the studied co-
hort are listed in the study as A02 and A68.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen vaccine
Vector/Type: vaccinia
Species (MHC) human (A2)
References |Woodberry ez al.[1999
* A polyepitope vaccine was generated in a vaccinia construct
that contiguously encoded seven epitopes, all presented by
HLA A-2.
HHD mice have a transgene of HLA A2 linked to the trans-
membrane and cytotoxic domains of H-2DY — this transgene
is the only MHC molecule expressed in the mice.
CTL responses to Gag (77-85) SLYNTVATL, Pol (476-484)
ILKEPVHGY, gp120 (120-128) KLTPLCVTL, and Nef (190-
198) AFHHVAREL were observed in HIV polytope HHD-
vaccinated mice, and these responses were enhanced with vac-
cinia boost.
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No CTL immune responses were generated against HLA A2-
restricted HIV epitopes Nef 157-166 (PLTFGWCYKL), Pol
346-354 (VIYQYMDDL), and Nef 180-189 (VLEWRFD-
SRL).

Sixteen HLA A2+ patients were tested for their ability to make
CTL responses by peptide restimulation in culture with the
epitopes selected for inclusion in the polytope — one individual
recognized all seven of these epitopes; 7 patients had CTL
cultures able to recognize at least one of the epitopes, and 6 of
those 7 recognized more than one epitope, but they were not
able to test all peptides for all patients; many patients only had
three peptides tested.

* SLYNTVATL was recognized by 5/16 HLA-A2 patients.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen vaccine
Vector/Type: canarypox Strain: B clade
LAIL B clade MN HIV component: Gag,
gp120, gp41, Protease
Species (MHC) human (A2)
Keywords immunodominance
References |Carruth et al.l[1999
The vaccine used was a live recombinant canarypox (CP) virus
vaccine containing multiple HIV-1 genes (HIV-1 MN gp120,
HIV-1 LAI gp41, HIV-1 LAI Gag, HIV-1 LAI protease).
CD4+ and CD8+ Gag and Env specific CTL responses were
detected in only 1/5 vaccinated volunteers, and were not de-
tectable 1 year after vaccination.
e CTL  responses to epitopes SLYNTVATL and
TVYYGVPVWK from HIV+ control patients were used as
positive controls.
The study explored why vaccinees were non-responsive — non-
response was not due to inherent defects or differences in the
ability of these individuals to process and present antigen.
Lack of response to SLYNTVATL led the authors to speculate
that the immunodominance of this epitope in natural infections
may not be recapitulated by vaccine antigen.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Birk et al.l|[1998b
¢ A study of p17 variation considering known p17 epitopes and
individuals with known HLA types revealed that p17 evolution
is influenced by immune pressure from CTLs.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Callan ez al.|1998
¢ Included as a negative control in a tetramer study of A2-EBV
CTL response.
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HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Wagner et al.|1998a
* CTL specific for HIV epitopes were used to show that the
mediators of both the cytolytic (granzyme A was used as
the marker) and non-cytolytic (HIV-1 inhibitory chemokines
MIP-1 oo and RANTES were used as markers) anti-viral re-
sponses are localized within the CTL’s cytotoxic granules.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 HXB2)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Collins et al.l[1998
* Two CTL clones recognize this epitope, but not the NL4-3
form of the epitope SLYNTIAVL.
* Nef down-regulates MHC class I molecules, which inhibits
CTL killing, and this down-regulation can be partially com-
pensated for by adding excess soluble peptide.
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HXB2 Location p17 (77-85)

Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords subtype comparisons
References |Durali et al.|1998

* Cross-clade CTL response was studied by determining the
CTL activity in seven patients from Bangui, (6 A subtype,
and 1 AG recombinant infections) and one A subtype infec-
tion from a person living in France originally from Togo, to
different antigens expressed in vaccinia.
Pol reactivity: 8/8 had CTL to A subtype, and 7/8 to B sub-
type, and HIV-2 Pol was not tested.
Gag reactivity: 7/8 reacted with A or B subtype gag, 3/8 with
HIV-2 Gag.
Nef reactivity: 7/8 reacted with A subtype, and 5/8 with B
subtype, none with HIV-2 Nef.
Env reactivity: 3/8 reacted with A subtype, 1/8 with B sub-
type, none with HIV-2 Env.
Patient B18 had the greatest breadth and diversity of response,
and recognized Gag SLYNTVATL and Nef PLTFGWCFKL.

HXB2 Location pl7 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords dendritic cells
References |[Kundu ez al.[1998b
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* Allogeneic dendritic cells (DCs) were obtained from HLA-
identical siblings, pulsed with rgp160 MN or A2-restricted
HIV-1 epitope peptides, and infused monthly into six HIV-
infected patients.

1/6 showed increased env-specific CTL and increased lym-
phoproliferative responses, 2/6 showed increase only in pro-
liferative responses, and 3/6 showed no change — pulsed DCs
were well tolerated.

SLYNTVATL is a conserved HLA-A2 epitope included in this
study — 3/6 patients had this sequence as their HIV direct se-
quence, one had the form SLYNTVAVL and all four of these
had a detectable CTL response — the other two had either
the sequence SLFSAVAVL or SLFSAVAAL and no detecta-
ble CTL response.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 I1IB)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Sipsas et al.[|1997
HIV IIIB proteins were used to define the range of CTL epi-
topes recognized by 3 lab workers accidentally infected with
HIV-1 IIIB.
SLYNTVAVL, a variant found in HIV-1 MANC, was also rec-
ognized.
SLFNTVAVL, a variant found in HIV-1 NY5CG, was also rec-
ognized.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords subtype comparisons, HIV exposed persis-
tently seronegative (HEPS)
References [Rowland-Jones et al.l|1998a
* A CTL response was found in exposed but uninfected prosti-
tutes from Nairobi using previously-defined B clade epitopes
that tended to be conserved in A and D clades — such cross-
reactivity could protect against both A and D and confer pro-
tection in Nairobi where both subtypes are circulating.
* The A subtype consensus is SLfNtvatL.
* The D subtype consensus is SLyNTvATL.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords binding affinity
References [Sewell ef al.[1997
» Naturally occurring variants of this epitope escaped killing
and acted as antagonists.
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* The following variants were found in HIV-1 infected patients
who mounted a strong response against this epitope: -F——,
-—v-,-~—/ -Sf¢—— -L— —I— —I-V-,-F-I—
, —F-I-V-, -F-A—-

* All variants bound to A2 with at least half the affinity of
SLYNTVATL except the triple mutant: —F-I-V-

* Antagonism could be observed at low concentrations, abro-
gating lysis at an antagonist:agonist ratio of 1:10 — the antago-
nism was observed in one SLYNTVATL-specific CTL line but
not another.

HXB2 Location pl17 (77-85)

Author Location pl17 (77-85 HXB2)

Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords kinetics
References |Yang et al.[1997b

* A chimeric universal T cell receptor was created by linking
CD4 or an HIV-specific anti-gp41 Ig sequence to the signal-
ing domain of the T cell receptor chain , and transduced into
CD8+ cells.

* The response using universal-receptor-bearing CD8+ cells to
lyse infected cells in vitro was comparable to the natural oc-
curring responses of CTL-clones from HIV+ individuals in
terms of kinetics and efficiency.

* A CTL clone specific for this epitope was used for the com-
parison.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A2)
References |Stuhler & Schlossman| 1997
» Keyhole limpit hemocyanin or tetanus toxoid Th epitope co-
expression with peptide CTL epitopes on the same APC was
required for induction of peptide-specific CTL.

HXB2 Location pl7 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References Yang et al.[1996
* CDA4+ cell lines acutely infected with HIV were studied to de-
termine their susceptibility to lysis by CTL.
* Clones specific for RT lysed HIV-1 infected cells at lower lev-
els than Env or Gag specific clones.
* The distinction was thought to be due to lower expression of
RT relative to Env and Gag.
» CTL can lyse infected cells early after infection, possibly prior
to viral production.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
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Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type CTL suppression of replication
References |Yang et al.[1997a
¢ CTL inhibit HIV-1 replication at effector cell concentrations
comparable to those found in vivo.
¢ CTL produced HIV-1-suppressive soluble factors — MIP-1c,
MIP-1B, RANTES, after antigen-specific activation.
e CTL suppress HIV replication more efficiently in HLA-
matched cells.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 LAI)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Parker et al.|1992; Parker et al.|1994
* Examined in the context of motifs important for HLA-A2
binding.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 LAI)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords review
References IMcMichael & Walker|1994
* Review of HIV CTL epitopes.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References [Tsomides er al.[1994
* CTL clones recognize naturally processed peptide.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human (A2)
References |Stuhler & Schlossman|1997
* A three cell-type cluster consisting of APCs, Th, and CTLs
is the minimal regulatory unit required for Th cell-dependent
induction of CTLs.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
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Species (MHC) human (A2)
Keywords subtype comparisons
References |Cao et al.|1997a
* The consensus peptides of B and D clade viruses and some Cs
have the sequence SLYNTVATL.
* The consensus peptide of A, and some C strains have SLFNT-
VATL, a form that is cross-reactive.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Dyer et al.|[1999
* CTL specific responses were measured over a 1.3 to 1.5 year
period in members of the Sydney Blood Bank Cohort (SBBC)
who had been infected with a natural attenuated strain of
HIV-1 which was Nef-defective.
* Some of these patients had prolonged high levels of CTL ef-
fector and memory cells despite low viral load.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords escape
References |[Harrer ez al.|1998

* Two overlapping epitopes were recognized in a long-term
survivor, restricted by two different HLA molecules, HLA-
A1I(TLYCVHQR) and -A2 (SLYNTVATL)

* Viral sequence substitutions were present in this individual
which did not affect viral replication and did not alter CTL-
recognition of the A2 epitope, but reduced recognition of the
A1l epitope, indicative of immune escape.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords acute/early infection
References |Altfeld et al.[2001a

The relative contribution of CTL responses against HIV-1 Vpr,
Vpu, and Vif were analyzed in multiple HIV-1-infected indi-
viduals.

Individuals with long-term nonprogressive and treated chronic
HIV-1 infection targeted Vpr more frequently than individuals
with treated acute infection.

Vpr is a frequent target of HIV-1 specific CD8+ T-cells — a
response was detected in 45% of individuals tested and Vpr
and p17 were the most preferentially targeted proteins per unit
length by CD8+ T-cells.

The A2 epitopes Vpr AIIRLLQQL and p17 SLYNTVATL do
not account for the dominance of Vpr and p17, the result holds
even when HLA-A2+ individuals are excluded.

HXB2 Location pl7 (77-85)
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Author Location pl17 (BRU)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection

Species (MHC) human (A2)

Keywords epitope processing, dendritic cells

References Buseyne et al.[2001
Exogenous presentation or cross-presentation of epitopes by
antigen presenting cells (APC) without protein synthesis is an
alternative pathway for CTL epitope processing that may be
important in the initial generation of viral specific CTL.
Dendritic cells treated with AZT to inhibit protein synthesis
were able to elicit a strong specific CTL response in SLYNT-
VATL specific CTL line EM71-1 without protein synthesis,
while macrophages demonstrated a decreased presentation ef-
ficiency.
Exogenous Gag epitope presentation was Env-dependent and
required receptor-dependent fusion.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |[Kostense et al.|2001
e HLA tetramers to six epitopes were used to study HLA-A2,
B8 and B57 CTL in 54 patients — HIV-specific tetramer posi-
tive cells were inversely correlated with viral load in patients
with high CD4, but in patients with CD4 T-cells below 400
high tetramer frequencies were found despite high viral load.
* Most patients have high levels of HIV-specific T-cell expan-
sions, but many of these cells aren’t functional.
In 15 of the patients, the proportion of IFN gamma producing
tetramer cells correlated with AIDS-free survival.
In one patient with a SLYNTVATL response, no SLYNTVATL
mutations were found among 21 clones despite high viral load
(260,000 RNA copies/ml serum), suggesting low in vivo effi-
cacy of the SLYNTVATL response.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |[Ferrari ez al.[2000
* One of the 51 HIV-1 epitopes selected by Ferrari et al. as
good candidate CTL epitopes for vaccines by virtue of being
conserved and presented by common HLA alleles.

HXB2 Location pl7 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HAART, ART, immunodominance
References |Seth et al.[2001
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* CTL responses were studied by tetramer staining in 41 pa-
tients with combination therapy — activated CD8+ T-cells de-
cline as the viral load drops in response to therapy, but the
overall level of antigen-specific cells capable of differentiating
into effectors stays constant and new epitopes may be recog-
nized.

6/10 A*0201+ individuals had HIV-specific tetramer staining
cells, and 5 of these declined upon successful therapy.

4/10 A*0201+ individuals with chronic HIV-1 infection rec-
ognized this epitope.

Prior to therapy, the mean percentage of CD8+ cells that
recognized the immunodominant epitope SLYNTVATL was
six-fold greater than the percentage recognizing the epitope
ILKEPVHGV.

HXB2 Location p17 (77-85)

Author Location pl17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HAART, ART, TCR usage
References |Islam ez al.2001

* Transcript frequencies were followed for four CTL clones
from patient 115, with a chronic and stable HIV-1 infec-
tion, and tracked in a longitudinal study of samples col-
lected 6-11 years post infection: clone M21 and E15 rec-
ognize ERYLKDQQL, and clone D87 recognizes variant
ERYLQDQQL, and clone p175b recognizes the A2 epitope
SLYNTVATL.
This epitope sequence from clone p175b uses the V5, CDR3
(FDS), JB2.7 TCR beta gene.
Responses were stable even through HAART with unde-
tectable viral loads, but frequencies varied over time by 100-
fold, ranging from 0.012% of the total population for SLYNT-
VATL at its lowest point to 3.78% for M21, with the relative
frequencies of clones shifting over time.

HXB2 Location p17 (77-85)

Author Location pl17 (77-85 SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HAART, ART, acute/early infection
References |Altfeld et all2001b

* Therapy provided during acute infection resulted in a narrower
CTL response, stronger T help response, and a less diverse
viral population than was seen in individuals treated during
chronic infection.
The breadth and specificity of the response was deter-
mined using ELISPOT by studying 19 individuals with pre-
seroconversion therapy (Group 1), 11 individuals with primary
infection but post-seroconversion therapy (Group 2), and 10
individuals who responded to HAART given during chronic
infection (Group 3), using 259 overlapping peptides spanning
pl7, p24, RT, gp41, gp120 and Nef.
Previously described and newly defined optimal epitopes were
tested for CTL response.
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¢ Number of HLA-A2+ individuals that had a CTL response to
this epitope broken down by group: 1/10 group 1, 2/6 group
2, and 2/4 group 3.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLFNTVATL
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (A2)

Keywords subtype comparisons, HIV exposed persis-
tently seronegative (HEPS), immunodomi-
nance

References |[Kaul e a/.12001a
Variants SL(F/Y)NTVATL are A/B clade specific.
ELISPOT was used to study CTL responses to a panel of 54
predefined HIV-1 epitopes in 91 HIV-1-exposed, persistently
seronegative (HEPS) and 87 HIV-1-infected female Nairobi
sex workers.
Responses in HEPS women tended to be lower, and focused
on different epitopes with HLA presenting molecules that have
previously been associated with reduced risk of infection, and
there was a shift in the response in the HEPS women upon late
seroconversion to epitopes recognized by the HIV-1 infected
women.
43/91 HEPS women had CD8+ responses and detection of
HIV-1-specific CTL in HEPS women increased with the du-
ration of viral exposure.
Among HLA-A2 women, 1/10 HEPS and 22/26 HIV-1 in-
fected women recognized this epitope, likelihood ratio 18.3,
p value < 0.003, and ILK(D/E)PVHGYV tended to be more re-
active in HEPS women, SL(F/Y)NTVATL in infected women.
The dominant response to this HLA allele was to this epitope
in the 1/10 HEPS case and in 18 of the 22/26 HIV-1 infected
women that responded.
Differences in epitope specificity were only seen for responses
restricted by class I HLA alleles A2, A24, A*6802, B14, and
B18, previously shown to be associated with resistance to
HIV-1 in this cohort.
Subject ML 1250 had an A2 response to ILK(D/E)PVHGV
prior to seroconversion, which switched to SL(F/Y)NTVATL
post-seroconversion.
Subjects ML 1575 and ML 1592 had no response to
SL(F/Y)NTVATL prior to seroconversion, but made responses
post-seroconversion.
Subject ML 1760 had an A2 response to ILK(D/E)PVHGV
prior to seroconversion, and gained responses to epitopes
A2 SL(F/Y)NTVATL and B27 KRWII(L/M)GLNK post-
seroconversion.

3

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85 93TH253 subtype CRFO1)
Epitope SLYNTIATL
Epitope name G77-85
Subtype CRF01_AE
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HIV exposed persistently seronegative
(HEPS)
References [Sriwanthana ez al.[2001
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» This was a study of HIV-1 exposed persistently seronegative
(HEPS) female sex workers in Chiang Mai, northern Thailand.

* HLA-A11 is very common in this population, and was en-
riched among the HEPS sexworkers — weak CTL responses
were detected in 4/7 HEPS women, and CTL responses were
found in 8/8 HIV positive controls, and 0/9 HIV negative
women that were not exposed.

* This epitope was reactive in HIV+ control study subjects 125
and 144 who carried HLA-A2.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 93TH253 subtype CRF01)
Epitope SLYNTIATL
Subtype CRF01_AE
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords subtype comparisons
References |Bond et al.J2001
¢ More than half of a cohort of HIV+ female sex workers (FSW)
from Northern Thailand were HLA-A11 positive, and this
study concentrated on A1l epitopes in this group, although
E clade versions of previously defined B-clade A2 and A24
epitopes were also tested.
* 2/4 tested FSWs recognized the E clade version of this epitope,
SLYNTIATL, the B clade version is SLYNTVATL.
* This epitope was only conserved in CRFO1 and subtypes B
and D, and exact matches were uncommon.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords rate of progression, acute/early infection
References Day et al.[2001

The CTL response to optimally defined CTL epitopes re-
stricted by HLA class I A and B alleles in individuals who
coexpressed HLA A2, A3, and B7 was studied in eight HIV-1-
infected subjects, two with acute infection, five with chronic,
and one long-term non-progressor (LTNP)

2 to 17 epitopes were recognized in a given individual, A2-
restricted CTL response tended to be narrow and never dom-
inated the response, and 25/27 epitopes were targeted by at
least one person.

SLYNTVATL was the dominant A2 epitope recognized in pa-
tients with chronic infection, except for Subject 11841 who
recognized 5/8 epitopes.
* Three subjects had an A2 response only to SLYNTVATL.
* The two subjects with acute infection did not respond to

SLYNTVATL.

HXB2 Location pl7 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords mother-to-infant transmission, escape
References |Goulder ez al.|2001c
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* Immune escape variants in this epitope where transmitted both
horizontally and vertically in two families.

 Fight transmitting mothers and 14 non-transmitting mothers
were studied and variation within the SL9 epitope was associ-
ated carrying HLA-A2 (P=0.04), but no link between variation
from the SL9 consensus and vertical transmission was estab-
lished.

HXB2 Location p17 (77-85)
Author Location pl7 (SF2)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Altfeld et al.[2000
 This epitope was mapped by ELISPOT in a study identifying
new HLA-B60 epitopes, and was one of the epitopes presented
by another HLA molecule in an HLA-B60 individual.
» The response to the peptide was CD8 dependent, but the HLA
presenting molecule and optimal epitope were not determined.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Epitope name Gag-SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
References |Sabbaj et al.|2003
¢ Among HIV+ individuals who carried HLA A02, 17/30 (57%)
recognized this epitope.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85 LAI)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords HAART, ART, epitope processing, immun-
odominance
References [Kelleher ez al.[2001a
Ritonavir (RTV) inhibits chymotryptic activity in the 20S pro-
teasome in vitro, as does Saquinavir (SQV) to a lesser extent;
Indinavir (IDV) does not. Thus there is concern protease in-
hibitors may adversely effect CTL epitope processing, but this
paper indicates that processing is not inhibited at therapeuti-
cally relevant concentrations of RTV when the proteasome is
functioning in an intracellular context.
RTV did not reduce antigen presentation and concentration
of the two immunodominant Gag CTL epitopes (KRWI-
IMGLNK (B27) and SLYNTVATL (A2)).
RTV did not inhibit the processing and assembly of HLA-B35
or -A2, which are assembled with a rapid and moderate time
course, respectively, or of HLA-A3, -B27 and -B39.

HXB2 Location pl17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
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Keywords HIV exposed persistently seronegative
(HEPS)
References |[Kaul ez al./2002

* Neisseria gonorrhea cervititis in 9 HIV+ Kenyan sex workers
caused a functional deficiency in IFN-gamma production in
HIV-1 epitope-specific CD8+ T-cells, detected by intracellular
cytokine production and tetramer assays, while not affecting
the total number of epitope-specific CTLs.
Ghonorrhea caused the weaker HIV-1 specific CTL responses
in 4 HIV-1 exposed persistently seronegative (HEPS) women
to become undetectable by Elispot and tetramer assays, and
CMV-specific CTL in 2 HEPS subjects were shown to have
impaired function with regard to IFN-gamma production.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 NL43)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords class I down-regulation by Nef
References |Yang et al.|2002
* Nef down-modulates class I protein expression, and this study
demonstrates directly that Nef-deleted HIV-1 NL-43 can be
more effectively killed in vitro than NL-43 with an intact Nef.
The effect was shown to be specific for class I presentation
of epitopes, and unlike Nef, deleting Vpr did not alter CTL
susceptibility of NL-43. The CTL clone 18030D23, specific
for the class [ A2 presented SLYNTVATL epitope, was one of
four used in this study.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85 BRU)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords epitope processing
References |Cohen ez al.[2002
* The antigen presentation of two A2-restricted epitopes was
compared, SLYNTVATL (pl17) and ILKEPVHGV (RT).
HIV-1 infected cells were more sensitive to lysis by
SLYNTVATL-specific CTL than by ILKEPVHGV-specific
CTL, because of a higher density of SLYNTVATL-A2 result-
ing from differences in processing.
Incubation with a T1-cell proteolytic extract showed that
by four hours, 25% of a pl7 peptide had a C-term Leu-
85 and were SLYNTVATL-precursors, while ILKEPVHGV-
precursors were far less frequent (6.8%) even with four times
more proteolytic extract after 30 hours.
pl7 was preferentially cleaved between Leu85 and Tyr86,
while appropriate Val484 and Tyr485 cleavage was minor for
RT.
In a competition experiment, RSLYNTVATL bound TAP 3.7-
fold more efficiently than RT peptides.
No difference in CTL avidity was detected in six patients with
HLA-A2-restricted responses to these epitopes.
No significant difference in HLA-A2 binding to p17 or RT
epitopes was observed.

HXB2 Location p17 (77-85)
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Author Location p17 (77-85)
Epitope SLYNTVATL
Immunogen vaccine
Strain: B clade IIIB  HIV component: Gag,
Pol Adjuvant: 1L-12
Species (MHC) mouse (A2)
References [Kmieciak et al.|2001
» Transgenic mice expressing a HLA-A2/Kb chimeric protein
were vaccinated with either a p17-p24-p51 fusion protein
(vG/P-92) or the Gag-Pol precursor protein (vVK1).
¢ Compared to vVK1, vG/P-92 induced a significant increase
in Gag and Pol induced IFNgamma production and CTL re-
sponses, and to the epitopes SLYNTVATL and ILKEPVHGYV,
as determined by Elispot and 51Cr-release assays.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A2, A3, B7, Bw6
Keywords HAART, ART
References |Appay et al.[2002
Four HIV patients with prolonged clinically successful anti-
viral therapy but with ongoing evidence of replication and Nef
mRNA transcription, showed specific T-cell responses by Eli-
spot and Tetramer staining, maintained for 2-4 years after ini-
tiation of HAART.
» Nef epitope recognition was detected in all 4 subjects, gp120,
Pol and Gag-specific in 1 or 2 subjects.
e The HIV-specific CD8+ T-cells had an intermediate matura-
tion phenotype characterized by low levels of perforin and
high levels of CD27 expression.

HXB2 Location pl7 (77-85)

Author Location pl7 (77-85 NL-43)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Keywords class I down-regulation by Nef, escape
References |Ali e al.|2003

* NL43 was passaged in the presence of Nef KEKGGLEGL-
specific CTL clones STD11 and KM3, giving rise to
rapid selection of escape mutations, including E93G, E93K,
K94N+G99R, GI95R+G99R, E98K, E98D, G99R, GI9E,
L100P, and L100I; insertions, deletions, frameshifts and an
early stop codon. 34/36 (94%) of sequences carried mutations
in the epitope by seven days, 36/36 (100%) by 14 days.
Several mutations selected by KEKGGLEGL-specific CTL
were shown to impair the down regulation of class I MHC
by Nef, in particular E93G, E93K, and a truncation mutation
at position 51.
Nef deletion mutants increased 100-fold NL-43 susceptibility
to inhibition by CTL specific for epitopes in other proteins,
the A2 epitopes ILKEPVHGYV in RT and SLYNTVATL in p17
Gag.

HXB2 Location pl17 (77-85)
Author Location Gag
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Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection

Species (MHC) human (A2)

Assay type Chromium-release assay, Flow cytometric T-

cell cytokine assay

Keywords class I down-regulation by Nef

References [Bobbitt ef al.[2003
Nef, through Nef-mediated MHC-1 down-regulation, is not
the only viral protein to influence levels of HIV-specific CTL
recognition. The Rev L60F mutation, a common natural vari-
ant, can decrease CTL recognition of late gene products. The
Rev mutation impacts the early to late gene switch, reducing
late gene product production (Gag, Pol, Env, Vpu, Vpr and
Vif), while increasing Nef production, both of which reduce
the impact CTL recognition of late gene products. As ex-
pected, Rev L60F rendered HIV infected cells more resistant
to CTL that recognized epitopes from the late proteins Env
and Gag. Gag expression is reduced more than Env, and Gag-
specific CTL were more profoundly affected. Conversely CTL
against an epitope in an early gene product, Tat, were more ef-
feciently recognized when infected with viruses carrying the
Rev L60F mutation.
Patients in the asymptomic phase with active immune re-
sponses had more CTL resistant viruses, with lower Rev ac-
tivity, lower Gag expression and greater resistance to Gag-
specific CTL killing, while viruses isolated from people with
AIDS were more sensitive to CTL killing.

HXB2 Location pl7 (77-85)
Author Location Gag (77-)
Epitope SLYNTVATL
Epitope name Gag77
Immunogen HIV-1 infection, vaccine

Vector/Type: peptide HIV component: Gag
Adjuvant: Incomplete Freund’s Adjuvant
(IFA)

Species (MHC) human, transgenic mouse (A2)

Assay type CD8 T-cell Elispot - IFNy, Chromium-
release assay, Flow cytometric T-cell cyto-
kine assay

Keywords binding affinity, subtype comparisons, com-
putational epitope prediction

References |Corbet ef al.l[2003

* HLA-A2-restricted HIV-1 CTL epitopes were computation-
ally predicted. Binding affinities for HLA-A*0204, immuno-
genicity in HLA-A*0201 transgenic mice, and responses to
the peptides in 17 HIV-1 infected patients were tested. 31
novel conserved A2 epitopes were detected. An average of
4 epitopes were recognized per patient.

* This epitope was one of the previously identified HLA-A2 epi-
topes studied.

* 10/17 HIV-infected HLA-A2+ people in this study recog-
nized this epitope, and CTL and CD8+ T cells responses were
elicted by immunization of transgenic mice with this peptide.

HXB2 Location p17 (77-85)
Author Location pl17
Epitope SLYNTVATL
Immunogen HIV-1 infection
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Species (MHC) human (A2)
Assay type Intracellular cytokine staining
Keywords immunodominance, genital and mucosal im-
munity
References [Kaul e al.|2003
* Predefined immunodominant peptide responses were used to
compare CD8+ T-cell responses in the blood and cervix of
16 HIV+ Kenyan sex workers. Cervical responses were de-
tected in 8/10 women from whom adequate samples could be
obtained. The frequency of the CD8+ T-cell response in the
genital tract was comparable to the blood, with a trend toward
being slightly higher.
¢ The immunodominant response was to this epitope in the
PBMC of 1/16 patients (Kaul et al. 2001, AIDS, 107:1303).

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A2, A24, B38, B60, Cw12, Cw2
Assay type CD8 T-cell Elispot - [FNy
Keywords supervised treatment interruptions (STI),
early treatment
References [Montefior1 et al.J2003
e HIV-1 + patient AC10 underwent early HAART treatment,
which was discontinued 1.5 years later. At this timepoint po-
tent NAb responses against autologous virus were detected.
Treatment interruption initially induced weak CD8+ responses
directed against 5 epitopes. By days 873d and 923d the CTL
response had broadened to target 22 epitopes; of these six were
fully characterized. Eventually the virus escaped the NAb re-
sponse, but escape was not accompanied by a rise in viral load,
and the authors suggest the virus was contained by the CTL
response.

HXB2 Location pl7 (77-85)
Author Location Gag (77-85)
Epitope SLYNTAVTL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type CDS8 T-cell Elispot - IFNYy, Tetramer binding,
Flow cytometric T-cell cytokine assay
Keywords responses in children
References [Sandberg et al.|2003
* 65 vertically HIV-1 infected children, ages 1-16, the major-
ity undergoing ART, were analyzed in regard to their plasma
viremia and CD4+ and CD8+ T-cell counts, and CD8+ T-cell
responses.
 Using vaccina expressed Gag, Pol, Env, Rev, Nef in target cells
in an Elispot assay, 85% of the children recognized at least
one HIV antigen. Strong CD8+ T-cell responses were directed
against Pol, followed by Gag and Nef. Children younger than
4 had significantly weaker responses (7/14 had no reponse)
than older children (only 1/32 had no response, and responses
were greater in magnitude).
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* SLYNTVATL and ILKEPVHGYV tetramers were used to quan-
titate specific responses. 49 chlidren in an expanded co-
hort carried HLA-A2. 1/11 children under 3 years of age
had detectable CD8+ T-cell responses to SLYNTVATL, 2/11
to ILKEPVHGV. Among children over 3, 11/38 recognized
SLYNTVATL and 9/38 recognized ILKEPVHGV.

* Older children that maintained a CD4 count greater than 400
cells/ul tended to have stronger CTL reponses.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) (A2)
Donor MHC A2, A3, B27, B51; A2, A3, B27, B57; A2,
A23,B57
Assay type Cytokine production, CD8 T-cell Elispot -
IFNYy, Tetramer binding, Intracellular cyto-
kine staining
Keywords assay standardization/improvement, memory
cells
References [Sun ez al.|2003
* This study compares assay methods for testing CTL responses
using samples from 20 HIV+ patients. The study compares
ELISpot, tetramer-binding, and intracellular IFN-y. Tetramer-
bidning analysis was performed with Gag (SLYNTVATL) or
Pol (ILKEPVHGYV) tetramers. Antigen presentation using re-
combinant vaccinia viruses (rVVs) encoding HIV-LAI Gag,
Pol, Env, Nef, Tat and Vif proteins was compared to pep-
tide panels. HIV antigen recognition in memory CTLs was
measured by chromium release assay and compared to effec-
tor/memory CD8+ T-cells in an IFN-y ELISpot assay.
Results: IFN-y Elispot and flow cytometry gave similar fre-
quencies of HIV specific CD8+ T-cells. Tetramer-binding
analysis was most sensitive. Pools of peptides and the sum of
frequencies of individual peptides were comparable. Elispot
assays using peptides were more sensitive than assays using
vaccinia expressed proteins. Cr release and Elispot against
rVVs gave comparable memory cell responses 2/3s of the
time.
* 3/7 HLA-A2+ patients recognized this epitope.

HXB2 Location p17 (77-85)
Author Location p17 (77-85 NL43)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Chromium-release assay, CTL suppression
of replication
Keywords escape, TCR usage
References |Yang et al.|[2003al
* Virus was cultured in the presence of CTL lines spe-
cific for 5 different epitopes (SLYNTVATL, ILKEPVHGYV,
IEIKDTKEAL, SEGATPQDL, and KEKGGLEGL) to study
the emergence of escape mutations. Escape varied between
clones for the same epitope, and between different epitopes.
Gag and RT epitope escape, if it occurred at all, tended to
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be monoclonal and within the epitope, indicating strong fit-
ness constraints, while the Nef epitope escape was rapid, poly-
conal, and sometimes the result of upstream frameshifts.

* Three CTL clones were studied that recognized SLYNTVATL,
161JxA14, 18030D23, and 115DEC4. The different TCR us-
age on the CTL clones resulted in different patterns of recog-
nition and escape. 161JxA14 suppressed the variant slFntvatl,
18030D23 did not; conversely the variants slfntlaV1 and slFn-
tlatl were suppressed by 18030D23, but not 161JxA14.

* After two weeks of passage the predominant escape mutant
from 161JxA14 was slyntlatl. Amino acid residues flanking
SL9 were unchanged. Escape mutations did not occur within
two weeks for the two additional SL9-specific CTL clones
18030D23 and 115DECA4.

HXB2 Location p17 (77-85)
Author Location pl7 (43)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen in vitro stimulation or selection
Species (MHC) human (A2)
Assay type CTL suppression of replication
Keywords class I down-regulation by Nef,
expressed proteins, kinetics
References |Ali ez al.|2004
¢ Translocation of the gag SLYNTVATL epitope into the early
expressed Nef protein resulted in increased antiviral efficiency
of SL9 specific CTLs in culture and the loss of MHC-I down-
regulation by Nef, indicating that both the timing of epitope
expression and reduction of MHC-I affect the ability of CTLs
to supress HIV-1.

early-

HXB2 Location p17 (77-85)
Author Location Gag (77-85 B con)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States
Assay type CDS8 T-cell Elispot - IFNy
Keywords variant  cross-recognition  or
neutralization
References [Draenert et al.|2004c
e CD8+ T-cell responses that persisted in individuals with ad-
vanced disease were studied; most of the optimal epitopes
defined were recognized with intermediate to high avidity.
On average 13 (range, 2-39) epitopic regions were targeted
in an average of 6 proteins (range, 1-8). HAART resulted
in decrease in antigen and reduction in gamma IFN EliSpot
responses, suggesting active responses to autologous virus.
The lack of mutations within most viral epitopes suggest that
persistent CTL through late disease do not exert strong im-
mune selection pressure, yet the Elispot assays show robust
responses, suggesting to the authors that gamma IFN-based
screening methods may not reveal functional CD8+ T-cell im-
pairment in patients with AIDS.

Cross-
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* 3 subjects recognized this epitope with high functional avidity.
Relative to consensus, 2 individuals that had the SLYNTVATL
epitope carried a R -> K mutation proximal to but outside
the epitope; possible processing implications were not stud-
ied here.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Netherlands
Assay type CD8 T-cell Elispot - [FNy
Keywords HIV exposed persistently
(HEPS)
References [Koning er al.[2004
* A high-risk seronegative group of 29 patients showed reduced
in vitro susceptibility for HIV infection and enhanced produc-
tion of RANTES compared to 15 men who went on to sero-
convert. Significantly higher frequencies of HLA A*11, A*31
and Cw*15 were also found in the high risk seronegative men.
Both groups of men had low frequencies of HIV-1 specific
CD8+ T-cells, which may signify exposure more than protec-
tion from infection.
2/11 HLA A2+ infection-resistant men, compared to 7/9 men
pre-seroconversion who went on to become infected, reacted
to this epitope.

seronegative
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HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Spain
Assay type proliferation, CD8 T-cell Elispot - IFNy,
Flow cytometric T-cell cytokine assay
Keywords HAART, ART, supervised treatment inter-
ruptions (STI), immune dysfunction
References |Plana ef al.|2004
* Structured treatment interruption (STI) alone is not able to
control viral replication in chronically infected patients, prob-
ably due to lack of strong, maintained T-helper cell responses.
HIV-1 specific CD8+ T-cell responses were shown to increase
significantly until the end of the follow up, but were not cor-
related with viral load.
* 14/19 patients recognized this epitope, it was the most com-
monly recognized of 9 HLA A*02 epitopes tested.

HXB2 Location pl7 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Chromium-release assay
Keywords binding affinity, TCR usage, characterizing
CD8+ T cells
References |Yang et al.[2003b
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« Killing efficiency of CTLs and their ability to suppress vi-
ral replication is shown to depend more on epitope specific-
ity than to antigenic avidity. Different clones recognizing the
same epitope had similar killing efficiency despite their vari-
ation in avidity. Nef specific CTL clones tended to be most
inhibitory, followed by Gag, then by RT specific clones, re-
gardless of avidity.

3/14 CTL T-cell clones tested were specific for Gag/p17-SL9.
Under conditions of excess peptide (100ug/ml), there was no
difference in their lytic potential; all possessed similar effec-
tor capacity. Avidity was measured as the sensitizing dose of
peptide required for 50% of maximal killing (SD50), which
varied from 20 pg/ml to 100 ng/ml, over four orders of mag-
nitude for all 14 epitopes. The SD50 range for Gag/p17-SL9
was 1,000 - 20,000 pg/ml.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Cytokine production, proliferation, CD8 T-
cell Elispot - IFNYy, Tetramer binding, CD4
T-cell Elispot - IFNY, Intracellular cytokine
staining, Flow cytometric T-cell cytokine as-
say
Keywords HAART, ART, memory cells, characterizing
CD8+ T cells
References |Daniel et al.2004
¢ CD4+ and CD8+ responses in chronically HIV-1 infected pa-
tients on HAART were weak with decreased polyclonality.
Only 33% of patients had CD4+ T-cells that could proliferate,
and only 22% had HIV-specific CD8+ T-cell responses, and
those rare responses showed low perforin levels and persistent
expression of CD27, indicating incomplete differentiation and
loss of lytic function.

HXB2 Location pl7 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States
Assay type proliferation, Tetramer binding, T-cell Eli-
spot
Keywords acute/early infection, characterizing CD8+ T
cells, immune dysfunction
References |Lichterfeld ez al.[2004a
e HIV-1 specific CD8+ T-cells in acute and long-term nonpro-
gressive HIV-1 infection show strong ex-vivo proliferative ca-
pacities which are rapidly lost in chronic HIV-1 infection. The
loss of CD8+ T-cell function is closely linked with the loss of
HIV-1 specific, IL2 secreting CD4+ T-cells. The function can
be rescued in vitro and in vivo by restoring the specific CD4+
T-cell help.
Despite being detectable at high frequencies, CD8+ T-cells
specific for SL9 epitope were shown to entirely lose their pro-
liferative capacity in chronic HIV-1 infection. This activity
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could be restored by co-stimulation with CD4+ T cells iso-
lated from acute infection in an IL-2 dependent manner.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name gag 77-85
Subtype B
Immunogen HIV-1 infection, HIV-2 infection
Species (MHC) human (A2)
Country Gambia
Assay type Tetramer binding, Intracellular cytokine
staining
Keywords escape, TCR usage, variant cross-recognition
or cross-neutralization, characterizing CD8+
T cells, HIV-2
References |Lopes e? al.|2003
CD8+ T cells from HIV-2 infected patients had more poly-
clonal TCR responses than HIV-1 infected patients, who
tended to have oligoclonal responses. This results in lim-
ited plasticity of T cell responses to amino acid substitutions
within epitopes in HIV-1 infections. HIV-2-specific CD8+ T-
cells showed a more diverse TCR usage associated with en-
hanced CDS expansion and IFN-gamma production on cross-
recognition of variant epitopes.
Responses to this epitope were characterized in detail. One pa-
tient’s response to SL9 A2-SLYNTVATL tetramers was shown
to have only Vbeta5.1 clonotypes. The naturally-occurring
HIV-2 variant: sIFntvCVI, was not recognized well by this re-
sponse or by the SLYNTVATL reactive CD8+ T cells in four
additional A2+ HIV infected asymptomatic individuals. The
subtype A variant, slFntvatl was also poorly recognized, and
4/5 Ala substitutions abrogated responses. All variants bound
to HLA-A2 with higher affinity than the index peptide except
slyntAatl, which was slightly reduced, so the lack of cross-
reactivity must have been due to the TCR.

HXB2 Location pl7 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type Chromium-release assay
Keywords assay standardization/improvement
References |Lubong et al.|2004
» Using IL7 or IL15 in culturing of HIV-1-specific CTL clones
was inferior to using IL-2 alone; the addition of these cy-
tokines to IL-2 did not show any advantage. Neither prolif-
eration, survival, nor lytic capacity of HIV-1-specific CTLs
was significantly enhanced by addition of IL7 or IL15.

HXB2 Location pl7 (77-85)
Author Location p17
Epitope SLYNTVATL
Immunogen HIV-1 exposed seronegative
Species (MHC) human (A2)
Donor MHC A*02, A*30, B*15, B*4402
Assay type Tetramer binding, T-cell Elispot
Keywords HIV exposed persistently seronegative
(HEPS)
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References |Missale et al.|2004

HIV-specific T-cell response was tested in patients exposed to
blood from a patient with highly replicating HIV; these pa-
tients were nosocomially infected with HBV, but uninfected
with HIV. HIV-specific T-cell responses were directed to struc-
tural and non-structural HIV proteins in 2 patients, suggesting
that the virus replicated in these patients sufficiently to prime a
cell-mediated immune response that protected them from HIV
infection.

This patient responded to 4/8 HIV epitopes tested in an
IFNgamma EliSpot assay or tetramer assay. Responses were
detected 8 and 28 weeks after exposure. No response to
SLYNTVATL was detected by either assay.

HXB2 Location pl17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United Kingdom
Assay type Tetramer binding, T-cell Elispot, Intracellular
cytokine staining
Keywords rate of progression, acute/early infection,
characterizing CD8+ T cells, immune dys-
function
References Papagno et al.|2004,
¢ Acute HIV-1 infection induces massive activation of HIV-
specific and non-HIV-specific CD8+ T-cells resulting in differ-
entiation of these cells. High differentiation of CD8+ T-cells is
correlated with disease progression. Differentiation is a natu-
ral process but it can be driven by elevated immune activation,
such as in HIV infection.

HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLFNTVATL
Epitope name SLF
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A2, A68.1, B*07, B*3503, Cw*0401,
Cw*0702, DQ2, DQ6, DR15, DR17, DR51,
DR52
Assay type CDS8 T-cell Elispot - IFNYy, Tetramer binding,
CD4 T-cell Elispot - IFNy
Keywords rate of progression, immunodominance, es-
cape
References |Oxenius et al/2004b
* The increase in plasma viral load in a patient that progressed
rapidly was preceded by positive selection of viral escape mu-
tations in epitopes targeted by dominant HIV-1-specific CD8+
T-cell responses, and a decrease in HIV-1-specific CD4+ and
CD8+ T-cell frequencies. Overall, escape variant epitopes
were recognized 0-80% as efficiently as the index peptide, and
the relatively efficiency of the variant eptiopes increased using
PBLs collected after their appearance. No changes were found
in viral tropism, replication kinetics and neutralizing antibody
titers, so the rapid decline of the patient was attributed to loss
of HIV containment due to CTL escape.

HIV Molecular Immunology 2009

HIV CTL/CD8+ Epitope Tables

* This epitope was one of six epitopes found to be under positive
selection for escape mutations and was completely replaced
by escape variants between days 327 and 635 (slYntvatl and
slYnAvatl).

HXB2 Location pl17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type CD8 T-cell Elispot - [FNy
Keywords subtype comparisons, escape, characterizing
CD8+ T cells, viral fitness and reversion
References |Allen et al.2005a
» Two-thirds of all mutations arising in non-envelope proteins
during the transition from acute to chronic infection were
found to be due to either CD8 T-cell-associated selective pres-
sures or reversion of HLA-I-associated mutations selected in a
previous host.The predominance of escape mutations at highly
polymorphic sites was observed across different HIV-1 clades.
» Two escape mutations, at positions 3 and 8, slFntvatl and
slyntvaVl, were found in the most polymorphic residues in
the epitope. These were shared between clades B and C. One
escape mutation, at position 6, slyntlatl, was found not to cor-
respond to the most polymorphic residue in the epitope.
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HXB2 Location pl7 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States
Assay type CD8 T-cell Elispot - IFNy, Chromium-
release assay, HLA binding
Keywords acute/early infection, optimal epitope
References |Altfeld et all2005
* The most frequently targeted HLA-A2-restricted CD8+ T-cell
epitopes in chronic infection were significantly less frequently
recognized during primary infection. This is the most com-
monly recognized A2 epitope in chronic infection, recognized
in 62% of 74 A2+ people, but it is rarely recognized in acute
infection (in only 1/14 cases).

HXB2 Location p17 (77-85)
Author Location pl17 (77-85 HXB2)
Epitope SLYNTVATL
Epitope name 17A
Subtype B
Immunogen vaccine
Vector/Type: DNA  Strain: multiple epi-
tope immunogen HIV component: pl7/p24
Gag, Pol Adjuvant: 1L-12
Species (MHC) transgenic mouse (A2)
Assay type Cytokine production, CD8 T-cell Elispot -
IFNYy, Chromium-release assay
Keywords vaccine-specific epitope characteristics, vac-
cine antigen design
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References |Bolesta ez al.[2005

Immunization of transgenic mice with a codon-optimized
hGagp17p24-Polp51 DNA plasmid, consisting of clusters of
highly conserved CTL epitopes presented by multiple MHC
class I alleles, induced 2- to 5-fold higher CD8+ T-cell re-
sponses than the corresponding full-length proteins. The
modified proteins had the ribosomal frameshift deleted, as
well as the potentially immunosuppressive p15, and protease
and integrase. This correlated with higher protection against
challenge with Gag and Pol expressing recombinant vaccinia
virus. Mice immunized with the hGagp17p24-Polp51 also
showed an elevated level of type 1 cytokine production as well
as an increased titer of p24- and RT-specific IgG2 antibody re-
sponses.

* This was 1 of 4 A2 gag/pol epitopes tested. Transgenic mice
immunized with the deleted construct induced more potent
EliSpot reactions to this epitope than those immunized with
full length Gag/Pol.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A2A2, B44, B70; A2, A31, B51, B58w4
Country United States
Assay type Intracellular cytokine staining, Flow cyto-
metric T-cell cytokine assay
Keywords HAART, ART, escape, variant cross-
recognition or cross-neutralization
References [Casazza et al.|2005
» Evidence of continued viral evolution during HAART therapy
despite low viral load was found in 1/5 patients studied.
» This epitope was recognized in 2 individuals and was invariant
in both prior to HAART (20/20 clones in each).

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Germany
Assay type CD8 T-cell Elispot - [FNy
Keywords rate of progression, escape, variant cross-
recognition or cross-neutralization, optimal
epitope
References [Harrer ez al.|2005
e An HLA-B13-restricted optimal epitope was defined in Nef,
RI9. The frequency of CTLs specific for this epitope in B13-
positive patients exceeded the number of CTLs against other
epitopes, indicating that this is a dominant epitope in B13-
positive subjects. Three B13-positive patients who had an im-
munodominant response to this epitope were good controllers
of their infection, with low viral loads over long periods.
Five A2+ B13+ patients were found to make an immuno-
dominant response to the B13 epitope RI9. 0/5 recognized
ILKEPVHGY, and only 1/5 recognized SLYNTAVTL, with a
much lower frequency than the B13 response.

HXB2 Location p17 (77-85)
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Author Location Gag (77-85 BRU)
Epitope SLYNTVATL
Subtype B, CRFO2_AG
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Cote D’Ivoire
Assay type CDS8 T-cell Elispot - [FNy
Keywords subtype comparisons
References |[[nwoley ez al.[2005
* CD8+ T-cells from HIV-1 CRF02_AG-infected Ivorians could
recognize clade B epitopes. No difference was observed in the
number of recognized peptide pools between nine French sub-
type B infected study subjects, and nine CRF02_AG infected
Ivorian subjects.
* This epitope was recognized by 3/9 CRF02_AG-infected pa-
tients, and by 2/9 B-infected patients.

HXB2 Location pl7 (77-85)
Author Location Gag
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Netherlands
Assay type Tetramer binding, Flow cytometric T-cell cy-
tokine assay
Keywords binding affinity, rate of progression, escape,
characterizing CD8+ T cells
References [Jansen ez al.l2005
* HLA-B57 has been associated with long term non-progression
in HIV+ people. The number and responsiveness of CD8 T-
cells directed to different Gag peptides presented by HLA-A2,
-B8 and B57 were compared. T cells specific for the HLA-
B57 epitope KAFSPEVIPMF responded to a higher extent and
more readily to antigenic stimulation than those specific for
the A2 epitope SLYNTVATL and the B8 epitope EIYKRWII.
In 3/4 A2 subjects that were sequenced, epitope variants dom-
inated: 2 subjects carried slFntvatl, and the other slyntlatl.
Tetramer decay experiments indicate that the HLA-B57 pep-
tide has a higher half-life than the A2 and B8 peptides. The
authors point out that CD8+ T cells with high binding affinity
may require less help.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A*02, A*68, B*14, B*52, Cw*08, Cw*12
Country United States
Assay type CD8 T-cell Elispot - IFNy, Chromium-
release assay, Flow cytometric T-cell cyto-
kine assay
Keywords escape, optimal epitope
References |[Koibuchi ez al.[2005
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e HIV-1-specific CD8 T-cell responses were persistent in the
chronic phase of HIV-1 infection, although the responses to
some of the epitopes declined despite the persistence of the
targeted sequences in vivo. Only 4/14 epitopes were potential
CTL escape variants, although strong responses to these epi-
topes persisted for 6 years. This indicates limited viral evo-
lution within targeted CD8 T-cell epitopes during the chronic
phase of infection.

Elispot responses to the consensus form of this epitope,
SLYNTVATL, were much more intense than to the most com-
mon variants of the epitope found over time in this individual,
SLINTIATL and SLfNTVAVL; these may be escape variants.
The strong response to the consensus form persisted, despite
the fact it was not observed among the autologous sequences
during 6 years of chronic infection.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection, HIV-1 exposed seronegative
Species (MHC) human (A2)
Country Canada
Assay type CDS8 T-cell Elispot - IFNy
Keywords HIV exposed persistently seronegative
(HEPS), immunodominance, genital and
mucosal immunity, characterizing CD8+ T
cells
References [Makedonas et al.|2005
CDS8 T-cell responses were studied in individuals who re-
mained seronegative in spite of being mucosally (group 1) or
intravenously (group 2) exposed to HIV-1. A similar propor-
tion of subjects from each group recognized at least 1 HIV
peptide, and they recognized peptides with similar cumulative
intensity. The proportion of responding individuals in both
groups was significantly greater than in a low-risk, negative
control group. One exposed uninfected subject recognized 7
epitopes.
HLA-A*0201 epitopes that are immunodominant in chroni-
cally infected individuals were rarely stimulatory in exposed
uninfected individuals. SLYNTVATL was recognized by one
HLA A2+ individual in each group (1/11 vs 1/5), while none
of the exposed uninfected individuals tested responded to
ILKEPVHGV. In contrast, chronically infected subjects rec-
ognized these epitopes at a frequency of 69% and 31%, re-
spectively.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Germany
Assay type CD8 T-cell Elispot - IFNy, Chromium-
release assay
Keywords HAART, ART, characterizing CD8+ T cells,
optimal epitope
References |Schmitt-Haendle ez al.|2005
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* CTL responses to 3 HLA-A2-restricted epitopes were investi-
gated in 51 HIV-1 infected HLA-A2+ individuals. The most
prevalent response was seen for IV9, followed by SL9. The
VL9 epitope was not recognized. There was a significant cor-
relation of CTL activity to the CD8 counts in peripheral blood,
but no correlation to CD4 counts, viral load, or antiviral ther-
apy.

» SL9 was only recognized in 13.7% of the individuals tested.

HXB2 Location p17 (77-85)
Author Location pl17
Epitope SLYNTVATL
Epitope name A2-SL9(p17)
Immunogen HIV-1 infection
Species (MHC) human (A2)
Assay type CD8 T-cell Elispot - IFNy
Keywords rate of progression, immunodominance,
early-expressed proteins
References |Altfeld et all2006
* Immunodominant HIV epitopes in early, primary infection of
CTLs were identified and the relative contribution of immune
responses restricted to individual HLA class I molecules were
studied.
The most frequently recognised epitopes also elicited the
greatest CTL response.
HIV-1 Epitope sequence variability was not correlated with
immunodominant versus immune sub-dominant responses.
HLA-B57 and HLA-B27 restricted responses were the strong-
est in these early and acute infections - due to dominant re-
sponses to a single epitope in each case (TW10 for BS7 and
KK10 for B27).
* In the presence of HLA-B57 and HLA-B27 restricted re-
sponses, the relative contribution of other restricting HLA
dropped greatly.

HXB2 Location p17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen peptide-HLA interaction
Species (MHC) human (A2)
Assay type Chromium-release assay, HLA binding
Keywords escape, TCR usage, structure, optimal epi-
tope
References |Martinez-Hackert et al.l[2006
* Several natural SL9 variants were shown to bind comparably
well to soluble HLA-A2 and D3 TCR. All variants had re-
markably similar peptide conformations as evidenced by high
resolution crystal structures of soluble interacting proteins.
These structures were shown to differ from other peptide-
MHC-TCR structures. SL9 variation was shown to be par-
tially restricted by its context in the HIV p17 matrix protein,
and the preservation of peptide conformation despite epitope
variation may contribute to the persistence of SL9-mediated
immune responses.
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¢ 11 Natural variants of SLYNTVATL were tested. They were
SLYNTIATL (SL9-6I), SLYNTIiAvL (SL9-61/8V), SLYNT-
VAvVL (SL9-8V), SLEINTVATL (SL9-3F), SLINTiAvL (SL9-
3F/61/8V), SLINTIiATL (SL9-3F/6I), SLfNTVAvVL (SL9-
3F/8V), SLYNaVATL (SL9-5A), SLYNsVATL (SL9-5S),
SLYNaiATL (SL9-5A/6I), SLYNIVAvVL (SL9-5L/8V). Only
variants at PS5 where Threonine is substituted by Alanine or
Leucine abrogated activity, while all others variants were ac-
tive. No natural variants had substitutions at P4, while P1, P2
and P9 were also conserved. 9 synthetic variants were also
tested.

» This degenerate recognition of the HIV Gag epitope by CTL is
different from other viral peptide-degeneracies in that several
CTL clones can perform equally well in recognition of the SL9
PMHC, and there is not necessarily one dominant recognition.

HXB2 Location p17 (77-85)
Author Location p17 (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen in vitro stimulation or selection
Species (MHC) human, mouse (A2)

Assay type CDS8 T-cell Elispot - IFNYy, Tetramer binding,
Chromium-release assay, Flow cytometric T-
cell cytokine assay

Keywords TCR usage, variant cross-recognition or
cross-neutralization

References |[Kan-Mitchell ez al.|2006

* A synthetic combinatorial nonapeptide library was screened
with ex-vivo-primed SL9-specific T-cells and an agonist vari-
ant of the SL9, p41 SLYNTVAaL, was identified. p4l im-
munized SL9-cross-reactive CTLs from donors ex vivo and
double knockout mice expressing a chimeric HLA I molecule.
p41-primed CTLs were also found to require less costimula-
tion from APCs and (unlike SL9-CTLs, they required exog-
neous IL-2 to proliferate, suggesting they would have better
immune memory) less need for exogenous IL-2 to proliferate.
The loss of SL9 T-cells was minimized with p41, and the TCR
clonotype was shown to be able to develop into either help-
dependent or help-independent CTLs.

HXB2 Location pl17 (77-85)
Author Location pl7 (77-85)
Epitope SLYNTVATL
Epitope name Peptide 7027
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A2, A3, B44, B7
Country United Kingdom
Assay type Flow cytometric T-cell cytokine assay, Other
Keywords HAART, ART, immunodominance, TCR us-
age, memory cells
References [Weekes ef al.l2006
* The effect of HAART on the population size, phenotype and
function of HIV- and HCMV-specific CTL clones was an-
alyzed. It was determined that the clonal composition of
gag and env HIV-specific CD8 T-cells did not change af-
ter HAART. Following HAART, the size of immunodomi-
nant HIV-specific CD8 T-cell clones was found to diminish
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even with the relative preservation of functional memory re-
sponses. Maintainance of such strong functional responses
implied the preferential loss of HIV-specific cells that have re-
duced cloning efficiency in vitro. HCMV-specific CTL clones
had different kinetics and phenotypes than HIV-specific CTL
clones in the same subject.

HXB2 Location p17 (77-85)
Author Location pl17 (77-85)
Epitope SLYNTVATL
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States
Assay type CDS8 T-cell Elispot - [FNy
Keywords binding affinity, subtype comparisons,
acute/early infection
References [Malhotra et al.|2007b
* T-cell responses to clade B Gag peptides were tested using
sequences based on consensus (CON), most recent common
ancestor (ANC) and center of tree (COT); as well as CON se-
quences from clade A, clade C and M-group Gag. It was found
that Gag-specific cross-clade T-cell IFN-gamma responses are
detectable during primary infection, and there was no signifi-
cant difference in breadth or magnitude of responses with the
different peptide sets. While several epitopes in low diversity
domains are invariant across clades, other recognized variants
are seen outside HLA anchor positions. T-cell immunity often
tolerates conservative or semi-conservative amino acid substi-
tutions but changes presumed to be in TCR contact sites may
abrogate epitope recognition.
This epitope, SLYNTVATL, is invariant across CON A, B, C
and M-Group sequences, as well as clade B COT and ANC se-
quences. HLA-AO2 restriction was inferred based on subject
possessing appropriate HLA class I allele and prior publica-
tion.

HXB2 Location pl7 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name A2-SL9 Gag (77-85)
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A2, A32, B27, B39
Country France
Assay type CDS8 T-cell Elispot - IFNYy, Other
Keywords binding affinity, immunodominance, TCR
usage, characterizing CD8+ T cells
References |Almeida er al.l2007
* Since it is suggested that a single response to B27-KK10
epitope may be responsible for the association of HLA-
B*#2705 patients with AIDS-free survival, B27-KK10-specific
CTLs were compared to other HLA-specific CTLs in pheno-
type, function, clonal diversity, and antigen sensitivity in 47
treatment-naive infected slow or nonprogressing patients.
¢ cVL, the cell-associated viral load (number of infected cells
harboring HIV DNA) correlated inversely with Gag-specific
CTLs. This was most significant in HLA-B27 donors, and
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KK10 was identified as the peptide generating strongest CTL
responses.

¢ SLYNTVATL was a dominant epitope found in non-B27-
KK10 CTL responses.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLFNTVATL
Epitope name A2-SL9 Gag (77-85)
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A2, A3, B60, B7
Country France
Assay type CDS8 T-cell Elispot - IFNYy, Other
Keywords binding affinity, immunodominance, TCR
usage, characterizing CD8+ T cells
References |Almeida ez al.[2007

* Since it is suggested that a single response to B27-KK10
epitope may be responsible for the association of HLA-
B#2705 patients with AIDS-free survival, B27-KK10-specific
CTLs were compared to other HLA-specific CTLs in pheno-
type, function, clonal diversity, and antigen sensitivity in 47
treatment-naive infected slow or nonprogressing patients.

* cVL, the cell-associated viral load (number of infected cells
harboring HIV DNA) correlated inversely with Gag-specific
CTLs. This was most significant in HLA-B27 donors, and
KK10 was identified as the peptide generating strongest CTL
responses.

* SLFNTVATL was a dominant epitope found in non-B27-
KK10 CTL responses.

HXB2 Location p17 (77-85)
Author Location Gag (77-85 Henan isolate)

Epitope SLYNTVAVL

Subtype B

Immunogen HIV-1 infection
Species (MHC) human (A2)
Country China
Assay type CD8 T-cell Elispot - [FNy
References (Gong e al.|[2006

* CTL responses were studied in treated and untreated donors
from China, using Gag peptides from Henan isolate. All pep-
tides were predicted to have A2 or All restriction (two of
the most prominent alleles in Chinese population) and HLA
restriction was further analyzed by CTL recognition in pa-
tients carrying corresponding allele. Among treated donors,
HLA-A2 donors had higher CTL response than than HLA-
A1l donors. Chronically infected untreated individuals had
higher magnitude of CTL response than treated ones.
SLYNTVAVL was recognized by 61% HLA-A2-positive indi-
viduals.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Immunogen HIV-1 infection, vaccine
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Vector/Type: canarypox, canarypox prime
with recombinant protein boost Strain: B
clade BRU, B clade LAI, B clade MN, mul-
tiple epitope immunogen HIV component:
Gag, gp120, gp41, Nef, Pol, Protease
Species (MHC) human (A2)

Assay type CDS8 T-cell Elispot - IFNY, Flow cytometric
T-cell cytokine assay

Keywords vaccine-induced epitopes, characterizing
CD8+ T cells

References |Horton et al.l2006a

* CD8+ T-cell function induced by HIV-1 immunogens and nat-
ural infection was compared. Natural infections consisted of
early, chronic, and long term nonprogressors.

* B27- and B57-restricted CD8+ T cells from nonprogressors
exhibited greater expansion than those restricted by other al-
leles, providing an explanation for the observed association
between HLA-B27/B57 and control of HIV-1 infection.

HXB2 Location p17 (77-85)
Author Location Gag (77-85)
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Donor MHC A*0201, A*2402, B¥4001, B*5001, Cw03,
Cw04
Assay type CD8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining
Keywords immunodominance, escape, variant cross-
recognition or cross-neutralization
References |Draenert ez al.[2006
» HIV-specific cellular and humoral immune responses were ex-
amined in monozygotic male twins infected simultaneously
with the same virus. 15 of 17 targeted epitopes were identi-
cal in the twins, including two immunodominant responses. 3
of 4 declining responses in the twins showed mutations at the
same residue. Evolving antibody responses cross-neutralized
the other twin’s virus. The results were compared with a third
brother, infected by the twins’ virus 13 months after their sero-
conversion. The data show similarity in disease course in per-
sons of identical genetic background infected with the same
strain of HIV-1.
* This epitope, SLYNTVATL (SL9), is restricted by HLA-A02.
A variant that arose was SLYNTVAvL.

HXB2 Location pl7 (77-85)
Author Location
Epitope SLYNTVATL
Epitope name SL9
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States, South Africa
Assay type CD8 T-cell Elispot - IFNY, Tetramer binding
Keywords memory cells
References (Wherry et al.|2006
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¢ Cohorts of HIV-infected subjects from the US and South
Africa were screened for CD8+ EliSpot responses. Tetramer
assays were performed for 13 frequently targeted HIV epi-
topes and compared to Flu, vaccinia, and EBV epitopes as-
sayed in non-HIV-infected subjects. HIV tetramer+ CD8 T
cells expressed less CD127, and this reduction was pervasive
across all epitopes and alleles tested. These results indicated
impaired HIV-specific memory CD8 T cell differentiation, re-
gardless of level of control of viremia, epitopes targeted, or
HLA alleles.

HXB2 Location p17 (77-85)
Author Location
Epitope SLYNTVATL
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Kenya
Assay type CD8 T-cell Elispot - IFNYy, Tetramer binding,
Intracellular cytokine staining
Keywords responses in children, rate of progression
References |Chakraborty et al.|2005
¢ A study of long-term surviving children in Kenya revealed
CDS8 T-cell responses in all progression groups. The most
striking atttribute of long term surviving children was strong
CD4 T-cell responses, which may be significant in delaying
disease progression.
Response detected in 1 long-term surviving progressive child.

HXB2 Location pl7 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States
Assay type CDS8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining
Keywords rate of progression, acute/early infection,
memory cells
References Sabbaj et al.[2007
e CD127 hi memory CTLs were correlated with different patient
groups - subjects with chronic HIV-1 infection or controllers
or those treated early with ART. For patients with chronic in-
fection, CD127 hi CTL levels decrease greatly. Early ART
treatment alone maintained these long-lived memory T cells.
* Inresponse to epitope SL9, SLYNTVATL, a patient with oscil-
lating ART had IFN-gamma secretion by CD127 lo cells dur-
ing viremia and CD127hi cell-IFN-gamma production during
viremic control. Shortly after ART cessation, CD127 mixed
cells secreted IFN-gamma. HLA-restriction was to -A2.

HXB2 Location pl17 (77-85)
Author Location
Epitope SLYNTVATL
Epitope name Gag 77
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Denmark
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Assay type CDS8 T-cell Elispot - IFNY, Intracellular cyto-
kine staining, Chromium-release assay, Flow
cytometric T-cell cytokine assay

Keywords immunodominance, escape, variant cross-
recognition or cross-neutralization

References [Thorn et al.|2007

* 11 HLA-A2+ (A*0201, A*0220, A*0234 or A*0236), pa-
tients’ HIV were sequenced. Of 28 epitopes studied, most
were conserved and elicited a subdominant CTL response. 9
epitopes in 7 proteins showed T-cell cross reaction. These epi-
topes were optimized to induce more immunogenic but cross-
reacting responses.

Epitopes in Gag, Pol, Env, Nef were more conserved than epi-
topes in shorter proteins Vpu, Vif, Vpr and Rev. Most natural
epitopes were untargeted or targeted by 1 or 2 patients.

The exact sequence of Gag 77 SLYNTVATL epitope (used as
an immunodominant control), was found in only 2 patients
but 6 patients had a CTL immune response to it. Thus known
immunodominant epitopes were less conserved but frequently
targeted.

In most patients, this epitope sequence was different by 1 or
more amino acids between positions 3-8.

Frequent mutations in immunodominant Gag 77 may repre-
sent escape mutants emerging during infection.

HXB2 Location p17 (77-85)

Author Location
Epitope SLFNTVATL
Immunogen peptide-HLA interaction
Species (MHC) human (A2)
Keywords cross-presentation by different HLA
References |Li et al.|2008a

* Degenerate CTL recognition of pMHC if predictable may
be used to broaden vaccine reactivity. A series of epitope-
position specific substitution matrices (EPSSMs) were derived
by comparing observed- versus chance-amino acid substitu-
tion frequencies.
EPSSMs showed position-specific preferences: anchor posi-
tion substitutions and substitutions to P at position 1 are not
well tolerated while a change to W at position 3 is favored.
All possible single mutations in Gag SLFNTVATL were ex-
perimentally checked for tolerated versus escape substitutions.
EPSSMs predicted tolerated variants very well, but in the mid-
dle region of epitopes escape mutation prediction was poor.
From a dataset of cross-reactive variant epitopes, substitution
types were identified. Variation in certain amino acid types
were tolerated with strong position-preference. At anchor po-
sition 2, substitutions between basic amino acids are toler-
ated and at anchor 9, changes between aromatic and small
hydrophobic amino acids. At all positions, the best tolerated
substitutions were small hydrophobic residues for hydrophilic,
suggesting spatial constraint and supporting use of side-chain
volume as a predictor of degenerate recognition by CTLs.

HXB2 Location p17 (77-85)
Author Location Gag
Epitope SLYNTVATL
Subtype A, B, C
Immunogen HIV-1 infection
Species (MHC) human (A2)
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Gag p17 CTL/CD8+ epitopes

Country Sweden
Assay type CDS8 T-cell Elispot - IFNy
Keywords subtype comparisons, computational epitope
prediction

References [Pérez et al.l2008
Bioinformatic prediction using NetCTL 1.0, Episelect and
NetMHCpan generated 184 CTL epitopes from Gag, Pol, Nef,
Env and Tat in HIV subtypes A, B, C, D and CRFO1_AE, re-
stricted by MHC A1, A2, A3, A24, B7, B44 and B58. 45 of
the 114 epitopes recognized experimentally in subjects were
novel, and an elite subgroup comprising 21 epitopes were rec-
ognized by at least 13% of patients tested.
Response magnitude was high—Gag and Nef, Env, Tat in de-
scending order). While Gag, Pol, Env and Nef were highly
immunocgenic, only 38% Tat epitopes elicited a response.
4 patterns of cross-subtype recognition found were (a) con-
served epitopes recognized by patients infected with several
HIV subtypes (b) infrequently found reference epitopes rec-
ognized by patients infected with several HIV subtypes (c)
epitopes more prevalent in certain subtypes recognized by
patients infected with several subtypes (d) rarely, subtype-
specific epitopes unable to elicit cross-clade recognition
The immunodominant HLA-A2-restricted epitope SLYNT-
VATL (SL9) of HIV-Gag pl7 was used in a peptide pool to
stimulate PBMCs from 31 HIV-1 + subjects by ELISpot as-
say. Patients were infected with several HIV subtypes.

.

HXB2 Location p17 (77-85)
Author Location pl7
Epitope SLYNTVATL
Epitope name SL9
Subtype B
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country United States
Assay type CDS8 T-cell Elispot - IFNYy, Tetramer binding,
Flow cytometric T-cell cytokine assay
Keywords characterizing CD8+ T cells
References |Streeck et al.l2008a

¢ T-cells were studied for exhaustion and dysfunction in chronic
HIV infection. Polyfunctionality of CTL immune response
to HIV-1 decreased with persistence of antigen presence over
time in chronic infection. CTL exhaustion can thus be halted
by reduction in viral antigen load - either by ART or through
escape mutations.

* PD-1, marker for activation and apoptosis increases over time,
but it decreases when epitope mutations develop. CD127 how-
ever, is not impacted by viral escape.

 Epitope SLYNTVATL varied to SLYNTVAVL in an untreated
patient. Previously published HLA-restriction for SL9 is
HLA-A2.

HXB2 Location pl7 (77-85)
Author Location Gag
Epitope SLYNTVATL
Epitope name SL9-A02
Subtype B, F
Immunogen HIV-1 infection
Species (MHC) human (A2)
Country Argentina
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Keywords dynamics, escape, HLA associated polymor-
phism
References |Dilernia e al.|2008

* Dynamics of CTL escape mutat